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1. INTRODUCTION 


The current emphasis on fuel conservation has prompted the study of 
many devices and techniques oriented toward a reduction in engine fuel con¬ 
sumption. This report describes the procedures used and the results obtained 
during a study of unstabilized water-in-fuel emulsions as fuels for engines 
representative of U.S. Coast Guard main propulsion systems. 

The complete program involved an investigation of two high-speed 
diesel engines with nominal maximum power ratings in the 1000 hp range. A 
Cummins VTA-1710 engine was used to represent the military version (VT12-900M) 
that is utilized by the USCG. In addition, a Detroit Diesel 12V-149TI engine 
was employed for the acquisition of data representative of the 16 cylinder 
version installed in the USCG cutters. 

1.1 BACKGROUND 

The use of water-in-fuel emulsions for fuel conservation has been a 
subject of continuing interest for several years. During 1977, Southwest 
Research Institute conducted a program for the Department of Transportation 
in which fuel-water emulsions were examined in the context of a single¬ 
cylinder test engine. The results obtained during that study indicated that 
a reduction in fuel consumption on the order of five percent might be 
available for engines representative of marine propulsion.^ It was recommended 
that the testing effort be continued using multi-cylinder engines, and the 
present study describes the partial fulfillment of that recommendation. 

Various investigators have recommended the use of different devices and 
philosophies for the production of water-in-fuel emulsions used as engine 
fuels. One approach suggests the addition of surfactant compounds to the 
fuel-water mixture. The surfactants stabilize the emulsions and allow batch 
mixing of fuel supplies. For the present study, however, this approach was 
not considered feasible, since the USCG would prefer to avoid the requirement 
for precise blending of fuel additives with the large quantities of fuel 
utilized for patrol boats. Furthermore, it was considered necessary to view 


1 







the emulsified fuel as an option to clear diesel fuel, and the storage of a 
second bulk fuel aboard existing cutters was not considered appropriate. 

This study deals with the use of unstabilized emulsions as engine fuels. 
The water and fuel were emulsified immediately prior to use by the engine, 
and emulsified fuel that was supplied to the engine but not burned was 
recycled through the emulsifier circuit. 

1.2 OBJECTIVES 

The initial goal of the study was the identification and the specification 
of an appropriate emulsification device. It had previously been observed that 
some devices offered for use as fuel emulsification systems were inappropriate 
to shipboard operation by virtue of physical size or power requirements. 
Furthermore, it was not clear that all devices were equally capable of pro¬ 
viding useful emulsions. Therefore, the initial program phase was devoted to 
selection of an emulsification device. 

Following the specification and purchase of a suitable emulsifier, the 
program objective was the determination of the effect of the emulsified fuels 
on engine operation. All tests were performed in a laboratory environment; 
the engines were connected to a dynamometer. Particular emphasis was placed 
upon fuel conservation, but measurements of exhaust emissions were also 
obtained. A further objective was the determination of results on a 
statistically significant basis in order that a numerical confidence could 
be placed in the results. 

As an additional program objective, it was specified that encouraging 
results from the test bed studies would yield design information appropriate 
to the assembly of a prototype fuel emulsification system for shipboard use. 

The final program phase would involve field testing the prototype on a 
USCG cutter. 






1.3 APPROACH 


The program was initiated with a selection process devoted to the 
definition of emulsification systems appropriate to the study. Invitations 
were sent to all individuals or companies known to be involved in the 
development of emulsification systems, and an advertisement was placed in 
the Commerce Business Daily that outlined the program requirements. Six 
prospective suppliers responded to the invitation and offered devices for 
evaluation in the SwRI laboratory. 

A system was provided by SwRI that would supply metered quantities of 
fuel and water to the prototype systems on a uniform basis. The emulsifica¬ 
tion systems were exercised within their performance limits as defined by the 
supplier, and samples of water-in-fuel emulsion were obtained over the 
0 to 25 percent concentration range that was of interest. Immediately 
following collection of each sample, the time required for accumulation of 
an obvious separation layer was observed. This process allowed the assess¬ 
ment of the capability of each device to produce an emulsion that would be 
useful during the engine studies. 

In addition, each prospective emulsification device was evaluated on 
the basis of energy usage, physical size, complexity, compatibility with the 
shipboard environment, and the need for auxiliary hardware such as pumps and 
controllers. Individual evaluations were performed by representatives of 
SwRI, the Transportation Systems Center, and the USCG. As a result of the 
evaluation process, two emulsification systems were selected for use during 
the engine operation phase of the program, and purchase orders for units of 
an appropriate size were executed. 

Since the response of the engine fuel system to the presence of water 
was unknown, a brief sequence of test runs was performed using stabilized 
emulsions containing 5 and 20 percent water by volume. The single purpose 
of these tests was the determination of any observable detrimental effects 
on engine operation as a result of water In the fuel system. No detrimental 
effects were observed, therefore the testing with unstabilized mixtures was 
initiated. 












During all of the test sequences the laboratory engine was operated 
at controlled speeds and loads representative of the cutter prop load at each 
speed. On this basis, the maximum engine output would be observed only at 
the engine rated speed. Although some test runs were performed at maximum 
speed and load, the data were of interest only for certification of the 
fact that the engine met the ratings specified by the manufacturer. At the 
other test speeds the prop loads were considerably below the maximum 
possible engine output. 

Throughout the bulk of the test program, the engine remained in the 
configuration appropriate to the use of diesel fuel alone. Since the 
fuel-water emulsion was regarded as an alternate fuel for boat operation, it 
was not considered appropriate to optimize the engine operating parameters 
for emulsified fuel use. It is possible that fuel consumption results 
different from those obtained could have been achieved by adjusting the 
engine operating parameters; the injection timing is particularly significant 
in this context, and some tests were performed with timing variation on the 
two-stroke cycle engine. 

The emulsifier purchased for use during the tests was integrated into 
a fuel system capable of supplying the engine demand at any speed and load. 

The fuel system included ample provision for maintaining the state of the 
emulsions and for re-emulsifying fuel returned from the engine. In addition, 
a provision was included to allow sampling and subsequent observation of 
quantities of emulsified fuel immediately prior to introduction into the 
engine. Observation of these samples allowed additional verification of the 
water concentration of the emulsion. 

During the test runs the engine was operated at selected points on the 
prop load curve with various water concentrations. Each test sequence, 
which occupied one day, involved operation of the engine at a single speed¬ 
load point. The first test run was performed with clear diesel fuel, followed 
by tests at 5, 10, 15, 20, and 25 percent water. Upon completion of these 
runs the fuel system was flushed and the test with clear diesel fuel was 
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repeated. During the performance of each test run, extensive observations 
of fuel consumption and other engine operating parameters were made. 

The complete body of data includes information at speeds along the 
entire prop load curve for each test engine. In addition, the data include 
extensive testing at two speed-load points for the Cummins engine; the two 
points represent high utilization by operating USCG cutters. The data allow 
the determination of the optimum water concentration at each speed-load point; 
this information would be useful for the design of a shipboard control system. 
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2, EXPERIMENTAL APPARATUS AND TECHNIQUES 


The performance of the experiments associated with this study involved 
specific equipment, test procedures, and data evaluation routines. The 
salient features of these items are described in this section. 

2.1 EQUIPMENT 

The equipment utilized for the evaluation of water-in-fuel emulsions 
consisted of engines installed in a laboratory test cell, a fuel system 
uniquely appropriate for the production and distribution of emulsified fuel, 
and a broad variety of instrumentation used for the acquisition of data. 

Each of these categories is worthy of an expanded description. 

2.1.1 Engines 

The engines used aboard USCG cutters of the 82-ft WPB class are manufac¬ 
tured by the Cummins Engine Company and characterized by Model No. VT12-900M. 

The units have a total displacement of 1710 cubic inches and are rated at 800 
shaft horsepower at 2300 rpm. This rating corresponds to approximately 875 
brake horsepower at the same speed. 

The engine available to this effort was a Cummins Model VTA-1710-C800, 
the industrial version of the USCG engine described above. The engine is 
ordinarily rated at 800 brake horsepower at 2100 rpm. The engine was equipped 
with an automotive type AFC fuel pump rather than the older style marine pump. 
For the purposes of this study, the fuel pump and governor were modified to 
allow engine operation up to 2300 rpm, and a maximum power capability of 
845 horsepower at 2300 rpm was demonstrated in the laboratory. This value is 
within the five percent tolerance specified by the manufacturer. 

The military and industrial versions of the 1710 engine differ slightly 
in the timing at which the fuel injection event begins. This difference amounts 
to approximately three crank angle degrees, and this deviation was not deemed 
sufficient to warrant the major effort involved in a timing change. 
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The engines used to power 95-ft WPB cutters are manufactured by the 
Detroit Diesel Allison Division of the General Motors Corporation; the 
specific model designation is 16V-149TI. The displacement of each unit is 
2384 cubic inches, and each engine is rated at 1235 shaft horsepower at 
1800 rpm. 

The engine that was available for use during this study was a Detroit 
Diesel Model 12V-149TI; this unit is a twelve-cylinder version of the USCG 
engine. During the testing program, the engine was operated at approximately 
the same horsepower output per cylinder that the marine version would produce. 
Thus, although the total output of the twelve-cylinder engine was low, the 
details of engine operation were quite representative of the sixteen- 
cylinder counterpart. 

The major specifications of the engines used during the test program 
are outlined in Table 2-1, and data from the manufacturers is shown in 
Appendix A. 

2.1.2 Dynamometer and Test Cell 

Each engine was installed in a test cell at the SwRI laboratory and 
connected to an eddy-current dynamometer capable of absorbing up to 1000 
horsepower. The engine installation is shown in Figures 2-1 and 2-2. The 
dynamometer utilized was an absorbing unit only; no motoring capability was 
available. 

The engine speed was determined through the use of a magnetic pickup 
and a 60-tooth gear installed in the engine-dynamometer coupling. The speed 
signal was transmitted to a digital counter used as an output device, and, 
in addition, the signal was supplied to a dynamometer controller capable 
of maintaining engine speed within a tolerance of one rpm. The dynamometer 
beam load was measured through the use of a strain gauge type load-cell 
connected to an output device at the control console. The load-cell was 
subjected to a weekly deadweight calibration. 

2.1.3 Fuel System 

A fuel supply system was assembled that would meter, premix, and emulsify 
the fuel and water in concentrations that were of interest. Although certain 
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TABLE 2-1. ENGINE SPECIFICATIONS 


Cummins Engine Company, Inc. 

Model: VTA-1710-C800 (VT12-900M) 
Type: Four Stroke Cycle 
Bore and Stroke: 5.5 x 6 
No. of Cylinders: 12 
Displacement: 1710 Cubic Inches 
Rated Horsepower: 800 at prop shaft 
Rated Speed: 2300 RPM 


General Motors Corporation 
Detroit Diesel Allison Division 
Model: 12V-149TI (16V-149TI) 
Type: Two Stroke Cycle 
Bore and Stroke: 5.75 x 5.75 
No. of Cylinders: 12 (16) 
Displacement: 1788 Cubic Inches 
Rated Horsepower: 900 (1200) 
Rated Speed: 1800 RPM 















FIGURE 2-1. ENGINE INSTALLATION; CUMMINS ENGINE TESTS 




ION; DETROIT DIESEL TESTS 









features of the system were designed specifically to accommodate the Cummins 
engine, the same system proved useful for both of the engines tested. 

In ordinary operation the fuel would be supplied directly to the 
injection pump of the engine, and fuel not used by the engine would be 
returned to a storage tank. The Cummins injection system is unique in that 
the returned fuel typically contains quantities of gas which must be removed 
prior to recycling of the unbumed fuel through the engine. In usual 
installations, this capability is provided by a vented storage tank. 

For the purposes of this study, it was necessary to assemble a fuel 
system that would generate the fuel-water emulsion while simultaneously 
satisfying the requirement for degasification of the return fuel. A schematic 
diagram of the system used is shown in Figure 2-4, and the fuel system is 
visible in Figure 2-1. Fuel and water were supplied independently to a 
mixing tee; this device provided a crude mixture prior to emulsification. Tap 
water was utilized throughout, and the line pressure provided the driving 
force. Fuel was pumped from a storage tank into the mixing arrangement. A 
constant fuel level was maintained in a float-controlled tank having a volume 
of approximately one-half gallon. This open tank allowed gases trapped in the 
return fuel to escape prior to fuel recycling. Fuel was removed from the 
float-controlled tank by a one horsepower gear pump which supplied a pressure 
of approximately 100 psi to the fuel-water emulsifier. The emulsifier used 
in this system was a Hydroshear device supplied by Gaulin Corporation; the unit 
operates by subjecting the fuel-water mixture to an extremely high shear state. 
A drawing of a typical Hydroshear after Lawson‘S is shown in Figure 2-3. The 
pressure at the outlet of the emulsifier was typically 20 to 25 psi. 

r 


J L 

FIGURE 2-3. TYPICAL HYDROSHEAR 
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At the emulsifier outlet, the fuel was directed either to the engine 
fuel pump or to a by-pass loop. Fuel directed toward the engine passed 
through a control valve which lowered the pressure to a value below 5 psi in 
order to meet the requirements of the engine fuel system. Fuel returned from 
either the engine fuel pump or the engine fuel injectors was routed into the 
by-pass portion of the system. The unused emulsion was conducted through a 
heat exchanger for cooling prior to return to the float-controlled tank. 
Pressures and temperatures were measured at points of interest throughout the 
fuel supply system, and a sample port was provided at the engine fuel pump 
for use in the verification of water concentrations. 

During the tests, the fuel system was operated at a continuous flow rate 
approximately equal to the engine maximum demand. Thus, a substantial flow 
rate was always present in the by-pass loop, and the emulsifier was not 
subjected to varying conditions as the engine load changed. During steady- 
state operation, the flow rate of the fuel-water mixture to the float- 
controlled tank was equal to the rate at which the fuel was consumed by the 
engine, but the flow through the emulsifier loop was constant. 

2.1.4 Instrumentation 

The documentation of engine performance using emulsified fuels required 
the measurement of a number of quantities during engine operation. The 
individual parameters for which data were recorded during each test run are 
listed in Table 2-2. 

The dry bulb and wet bulb temperatures used for calculation of humidity 
were measured using mercury-in-glass thermometers. Exhaust temperatures were 
measured with type K thermocouples, and other temperatures were measured using 
type J thermocouples. All of the thermocouple readings were obtained through 
the use of multi-point switches and readout devices appropriate to the 
thermocouple calibration. 

Pressures were measured using Bourdon tube gauges, mercury manometers, or 
water manometers as appropriate for the value and range of the metered quantity. 
The value of barometric pressure was obtained during each test run. 
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TABLE 2-2. DATA OBTAINED FROM TEST CELL 


Speed 

Temperatures: 

Load 

Engine Coolant 

Fuel Rate 

Inlet 

Pressures: 

Outlet 

Oil Sump 

Barometer 

Fuel Inlet 

Oil 

Fuel Mixture 

Fuel Rail 

Return Fuel 

Turbocharger Boost 

Intake Air 

Exhaust 

Cylinder Exhaust 

Turbine Inlet 

Exhaust Manifold 

Inlet Depression 

Turbine Inlet 

Fuel Inlet 

Compressor Outlet 

Air Flowmeter 

Charge Air 

Air Filter 

Water 

Emulsifier 

Cell Air 

Fuel Supply 

Dry Bulb 

Water Supply 

Wet Bulb 

Emissions: 

Hydrocarbons 

Carbon Monoxide 

Nitric Oxide 

Oxides of Nitrogen 

Carbon Dioxide 

Oxygen 

Smoke 

Water Flow Rate 

Water Concentration 

Return Fuel Cooler 


The flow rate of diesel fuel was continuously monitored through the use 
of a commercial linear mass flowmeter. However, the primary technique for 
determination of fuel flow was a direct mass measurement obtained using a 
platform balance and a stop watch. Using this technique, the time required 
for consumption of a known mass of fuel was recorded. The mass was adjusted 
in'such a way that typical fuel times were on the order of two minutes, and 
several readings were obtained during each test run. 


U 






The water flow was monitored through the use of a variable area flowmeter 
installed in the water inlet line. The meter was calibrated prior to the 
beginning of the test program, and tables were prepared which listed the water 
flowmeter reading for each desired water concentration over a range of fuel 
rates applicable to each test point. To establish a particular water con¬ 
centration in the fuel, the engine operator would read the fuel mass flowmeter, 
consult the table, and set the water flow rate accordingly. The water con¬ 
centration was then verified by obtaining a sample of the emulsion at the 
engine inlet and allowing separation of the water and diesel fuel to occur. 

The air flow to the engine was measured using a laminar flow element 
rated at 2000 cfm. The pressure drops across the flowmeter filter and across 
the metering element were measured using inclined water manometers, and the 
air flow rate was established from the meter calibration using corrections 
for ambient temperature and pressure. 

During tests of the Detroit Diesel engine, additional air flowmetering 
capability was required. The 2000 cfm laminar flow element was used in the 
air supply to one-half of the engine (one bank of six cylinders). The air 
flow to the remaining engine cylinders was metered with an ASME flow nozzle 
installed in an inlet plenum chamber. 

Instruments appropriate to diesel engine testing were used for the measure¬ 
ment of gaseous emissions. The concentration of unburned hydrocarbons in the 
exhaust stream was monitored using a heated flame ionization detector. Non- 
dispersive infrared analyzers were used for measurement of carbon monoxide and 
carbon dioxide, and a chemiluminescent analyzer was used to establish levels 
of nitric oxide and oxides of nitrogen. The oxygen level in the exhaust was 
monitored using a polarographic analyzer. Schematic diagrams of the components 
of the emissions instrumentation system are shown in Figures 2-5, 2-6, and 2-7, 
and descriptions of the individual hardware items are provided in Tables 2-3, 
2-4, 2-5, and 2-6. Photographs of the instrument console are provided as 
Figures 2-8 and 2-9. 

The exhaust smoke was measured through the use of a USPHS type opacity 
meter incorporated in the exhaust system at the boundary of the test cell. 
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FIGURE 2-5. HYDROCARBON ANALYZER 
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FIGURE 2-6. ANALYZER SYSTEM FOR CARBON MONOXIDE AND CARBON DIOXIDE 
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FIGURE 2-7. ANALYZER SYSTEM FOR OXIDES OF NITROGEN 









TABLE 2-3. INSTRUMENTS AND RANGES ON L-4 EMISSIONS CART 


















TABLE 2-4. SwRI HEATED HYDROCARBON ANALYZER FLOW SCHEMATIC 
COMPONENT DESCRIPTION 


Component j 

Description 

Description of Function 

Valve j 

V14 

QC's act as span/zero selector valve 

Valve i 

V13 

Span/zero gas flow control valve 

Valve 

V12 

Sample flow control valve 

Gage 

P5 

Sample pressure 

Gage 

P6 

HFID fuel pressure 

Gage 

P7 

HFID air pressure 

Restrictor 

Rsl 

Sample capillary (Beckman) 

Restrictor 

Rs2 

HFID fuel restrictor (Beckman) 

Restrictor 

Rs3 

HFID air restrictor (Beckman) 

Detector 

HFID 

Beckman 402 HFID detector 

Water trap 

D2 

Bypass flow water trap (~34°F) 

Flowmeter 

FL3 

Bypass flowmeter (^5 CFH) 

Filter 

F5 

7.0 cm stainless steel flip top filter 

Pump 

Pu3 

Metal bellows MB-158 pump 


Regulator 

Regulator 

Regulator 


R7 

R8 

R9 


Sample backpressure regulator 
HFID fuel regulator 
HFID air regulator 














TABLE 2-5. NDIR CO AND CO 2 FLOW SCHEMATIC 
COMPONENT DESCRIPTION 


Component Description _ Description of Function 


Valve 

V3 

QC’s act as CO selector valve V3 

Valve 

V4 

CO flow control valve 

Valve 

V5 

QC's act as CO 2 selector valve V5 

Valve 

V6 

CO 2 flow control valve 

Valve 

V19 

CO 2 sample/calibrate selector 
valve 

Valve 

V20 

CO sample/calibrate selector 
valve 

Gage 

G3 

CO 2 instrument pressure 

Gage 

G4 

CO instrument pressure 

Gage 

P2 

CO sample/span pressure 

Gage 

P3 

CO 2 sample/span pressure 

Regulator 

R1 

CO span/zero pressure regulator 

Regulator 

R2 

Bypass backpressure regulator 

Regulator 

R3 

CO 2 span/sero pressure regulator 

Flowmeter 

FL1 

CO 2 instrument flow 

Flowmeter 

FL2 

CO/CO 2 bypass flow 

Flowmeter 

FL6 

CO instrument flow 

Water trap 

WT1 

Water trap (34°F) for CO/CO 2 
instrument 

Filter 

FI 

7.0 cm stainless steel flip top 
filter holder 

Pump 

Pu2 

Sample pump 
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TABLE 2-6. HEATED CHEMILUMINESCENT NO ANALYZER FLOW 
SCHEMATIC COMPONENT DESCRIPTION * 


Component 

Description 

Valve 

V8 

Valve 

V9 

Valve 

V10 

Valve 

Vll ; 

Valve 

V15 ; 

Valve 

V16 

Valve 

V17 s 

Valve 

V18 

Gage 

P4 

Gage 

P8 

Gage 

p9 ; 

Flowmeter 

FL4 j 

Regulator 

R5 

Regulator 

RIO i 

! 

Dryer 

D2 i 

Water Trap 

! 

WT2 

Filter 

F3 

1 

1 


_ Description of Oven _ 

QC's act as selector valve V8 
Sample/calibrate selector valve 
Sample flow control valve 
NO/NO x selector valve 
NO flow control valve 
System leak check valve 
NO/NO x total flow controller 
Ozone flow control valve 

Sample backpressure 
Oxygen pressure gage 
Reaction chamber vacuum 

Sample bypass flowmeter 

Sample backpressure regulator 
Oxygen pressure regulator 

Bypass flow water trap (~34°F) 

NO x /NO water trap (IPA*C02 @ -105°F) 

7.0 stainless steel flip top filter 
holder 


Pump 


Pul 


Sample pump 












FIGURE 2-8. EMISSION INSTRUMENT CONSOLE, FRONT VIEW 
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Measurements of exhaust particulate emissions were obtained during some 
of the tests of the Detroit Diesel engine. The primary tool utilized for 
this series of measurements was a dilution tunnel of the type shown in 
Figures 2-2 and 2-10; the dilution of the sample stream is utilized for cooling 
and mixing prior to the accumulation of a particulate sample. In order to 
obtain a sample of the exhaust, probes were located in each of the engine 
exhaust ducts at a point downstream from the turbocharger outlets. A regu¬ 
lating valve was located in each sample line, and the pressure drop across the 
valve was used as a means of equating the sample line flow rates. Thus, a 
single sample representative of both engine exhaust ducts was obtained and 
supplied to the particulate tunnel. The tunnel had a nominal diameter of 
eight inches, and air flow rates sufficient for a dilution ratio of 10 to 
20 were utilized. Within the tunnel, the exhaust sample was mixed with the 
dilution air and cooled to 125°F. A metered sample of the diluted stream 
was obtained and applied to a 47 millimeter Pallflex T60A20 filter that was 
weighed prior to the beginning of the test. Subsequent weighing, along with 
the measured flow of the air stream, allowed the calculation of the particulate 
weight per standard cubic foot of engine exhaust. In general, only one sample 
filter was used during this test series; the multiple filters shown in 
Figure 2-10 would be utilized when more elaborate analyses of the particulate 
matter were required. 

2.2 TEST PROCEDURE 

The general philosophy that governed the performance of the alternate 
fuel tests was closely related to the ultimate use of fuel-water emulsions 
on USCG cutters; thus, it was desired to obtain data that would be representative 
of boat operation. A sample of engine speeds and loads was obtained for 
one USCG cutter powered by Cummins engines, and the prop load curve for the 
engine was calculated. This curve is shown, along with the engine maximum 
output, in Figure 2-11. The specific test points for consideration during the 
evaluation program were selected from locations along the prop load curve. 
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In order to establish appropriate test points for comprehensive 
evaluation, records representative of over 4900 hours of operation of 14 
cutters powered by Cummins engines were evaluated. Figure 2-12 shows engine 
speed plotted against the percentage of the total operating time that was 
spent at each speed. It is apparent from this representation that engine 
speeds of 1200 and 1800 rpm are particularly important during boat operation; 
a fuel system designed for conservation of diesel fuel should exhibit a 
significant effect at these speeds in order to be effective from an overall 
viewpoint. The most comprehensive testing, therefore, was performed at speeds 
of 1200 and 1800 rpm and the prop load associated with each speed. In 
addition, some test data were obtained at 900 rpm and prop load. 

For the tests involving the Detroit Diesel engine, the propeller load 
curve supplied by the manufacturer for the 16V-149TI engine was used. The 
loads were multiplied by 0.75 in order to account for the difference in the 
number of cylinders between the test engine and the marine engine; the result 
is shown in Figure 2-13. Tests were performed at 200 rpm increments along 
the prop load curve, but the comprehensive evaluation of specific points was 
not conducted. No data was available to evaluate the 95-ft. WPB duty-cycle 
with Detroit Diesel engines. 

The procedure used during each test run began with a check of the 
instruments associated with data acquisition. In each case calibrations were 
performed as required. The engine was started and allowed to warm up, and 
then the speed and load selected for that day of testing were established by 
adjusting the diesel fuel-flow rate and the dynamometer controller. The 
initial engine operation was performed with clear No. 2 diesel fuel having 
specifications as shown in Appendix A, and baseline data were recorded prior 
to the introduction of water into the fuel system. 

Upon completion of the baseline data acquisition, a water flow appro¬ 
priate to a five percent concentration was initiated. The dynamometer load 
was adjusted to the prop load test point by adjusting the output of the engine 
fuel pump, and a sample of the emulsion was obtained for verification of 
water concentration. Data were recorded at the five percent concentration; 
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ENGINE SPEED (RPM) 

FIGURE 2-13. ENGINE SPEED AND POWER OUTPUT, MAXIMUM HORSEPOWER AND PROP LOAD 
DETROIT DIESEL TWELVE-CYLINDER ENGINE 





this process involved repeated measurements of the fuel rate. This sequence 
was then repeated at water concentrations of 10, 15, 20, and 25 percent by 
volume.~ Upon completion of the test run at the highest water concentration, 
the fuel system was flushed with clear diesel fuel, and the baseline test 
run was repeated. Subsequent days of testing involved repetition of this 
entire process at other speed and load conditions. 

All data were recorded on a permanent record sheet, and individual 
values were subsequently introduced into a computer data reduction program. 

2.3 DATA REDUCTION AND CALCULATIONS 

A computer routine was utilized for the calculation of performance 
quantities and for the comparison of data obtained under the same operating 
conditions. A set of sample calculations is included in Appendix B. The 
sample calculations reflect the computations made by the computer program for 
each test run. 

The basic performance quantities, such as horsepower, torque, and specific 
fuel consumption, were calculated using conventional relationships and 
constants appropriate to the specific instruments employed. These basic 
parameters are listed, along with measured quantities, in the tabulations of 
the results shown in Appendix C. 

At the test points described by 1200 rpm and 1800 rpm for the Cummins 
engine, the test sequence over the spectrum of water concentrations was 
repeated several times in order to build a statistical basis for the data. 

Thus, a single point, such as 1200 rpm and 15 percent water, was evaluated 
on several test days, and three to five individual runs were performed at 
that point. Since each individual test run included several fuel rate 
measurements, the flow rate of diesel fuel specified for each run in Appendix C 
represents an average of several measurements. These averages for each run 
were then included in an overall average applicable to each test point defined 
by speed, load, and water concentration. 
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The raw data from the emission measurement procedures was interpreted 
through calibration curves developed for each instrument in terms of the 
concentration of the contaminant species in the exhaust stream. The values 
for each test run are reported in terras of parts per million or percent in 
Appendix C. During each test run for which emissions were measured, the data 
on exhaust emissions allowed the calculation of a carbon balance fuel-air 
ratio. This value was compared to the fuel-air ratio obtained by direct 
measurement of fuel flow rate and air flow rate. The results of the compar¬ 
ison for the Cummins engine are shown in Figure 2-14, which describes the 
error between the two values using the measured value as a standard. It 
should be noted that the Federal procedure for certification of diesel engines 
allows a tolerance of 10 percent in the comparison between calculated and 
measured fuel-air ratios. 

During both the Cummins and GM engine tests, comprehensive data were obtained 
at selected test points. The average diesel fuel flow rate at each test point 
defined by speed, load, and water concentration was obtained from the collection 
of fuel rates for the individual test runs. Then, the standard deviation at 
each test point was calculated. As a further step, a 90 percent confidence 
band was calculated for each test point using the Student's t-distribution. 

This step allowed an indication of the significance that could be attached to 
the test results. The percentage change in diesel fuel flow rate was then 
calculated for each test point using the zero water concentration data as the 
baseline for each test point. 

A further statistical test based upon the Student's t-distribution was 
applied to the fuel consumption data. For those test points where the 
presence of water indicated a significant change in diesel fuel consumption, 
a test was applied which measured the confidence with which it could be 
stated that the mean of the fuel consumption measurements was, in fact, 
different from the mean of the fuel flow measurements at zero water concen¬ 
tration. The results of this test allow the attachment of a numerical 
confidence to the statement that the presence of water in the fuel actually 
causes a change in the flow rate of diesel fuel. 






FIGURE 2-14. COMPARISON OF CARBON BALANCE AND MEASURED FUEL-AIR RATIO 
CUMMINS ENGINE TESTS 








3. RESULTS 


The results of the testing program are phrased in terms of fuel consunption, 
smoke, gaseous emissions, and engine operating parameters. Each of these 
qualities are discussed in detail in the following sections. 

3.1 FUEL CONSUMPTION 

The primary thrust of the entire program was an assessment of the effect 
of water in the fuel on the quantity of diesel fuel consumed by the engine at 
a particular speed and load. The fuel consumption results, therefore, are of 
particular interest in the context of the overall program goals. 

The fuel consumption measurements at the 1800 rpm prop load test point 
for the Cummins engine are shown in Figure 3-1. The solid curve is drawn 
through the mean values of all test runs at each water concentration, and the 
90 percent confidence band is shown by broken lines. The curve indicates 
that the maximum effect of the presence of water was obtained at a concentration 
of 20 percent by volume, where the 20 percent figure represents the comparison 
between water volume and the total volume of liquid entering the engine. With 
20 percent water present in the fuel, the diesel fuel flow rate was reduced by 
1.7 percent by comparison with the flow rate of clear diesel fuel without 
water addition. The statistical analysis allows the statement that a 95 percent 
confidence exists that the means of the test runs at zero percent water and 
20 percent water are actually different. Or, in other words, there is a 
95 percent confidence that the sample populations at zero percent water and 
20 percent water are different, and the observed change did in fact occur. 

Results for the test runs at 1200 rpm and prop load are shown in 
Figure 3-2. The presentation format is identical to that used for the 1800 
rpm tests. In this case, the minimum diesel fuel consumption occurred at a 
water concentration of 15 percent, and the reduction in diesel fuel flow by 
comparison to test runs during which no water was added was 3.3 percent. 

Again, a 95 percent confidence exists that the mean values of the samples 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

1-1. FUEL CONSUMPTION, CUMMINS ENGINE, 1800 RPM 













WATER CONCENTRATION (PERCENT BY VOLUME) 

FIGURE 3-2. FUEL CONSUMPTION, CUMMINS ENGINE, 1200 RPM 








obtained without water addition and with 15 percent water addition in fact 
represent different populations. 

Some data were obtained for evaluation of the effect of water addition 
on fuel consumption at a speed of 900 rpm and prop load. The results are 
shown in Figure 3-3, using the same format as that described above. During 
these tests the reduction in diesel fuel flow was found to be 2.5 percent. 

For the Detroit Diesel engine, fuel consumption results were obtained 
at several points along the prop load curve. At the 1000 rpm test point, the 
body of data was sufficiently extensive to allow statistical analysis; the 
results are shown in Figure 3-4. For this case, the general tendency was 
for the water to increase fuel consumption. The same trend was observed for 
the tests conducted at other speeds; the results are shown in Figure 3-5. No 
significant improvement in the rate of diesel fuel consumption could be inferred 
from these tests. 

The configuration of the Detroit Diesel engine did allow an assessment 
of the effect of in-Section timing on the performance of water-in-fuel emulsions. 
Since the timing change can be effected through an injector adjustment, rather 
than a camshaft change, it was possible to obtain data at several values of 
the injection timing. Figure 3-6 describes the relationship between the fuel 
injector adjustment dimension and injection timing; the standard value for the 
engine was 2.205 inches. Tests were performed for values of the beginning 
of injection from about 25° BTDC to about 15° BTDC; the specific dimensions 
and timing angles are shown in Table 3-1. Most of the tests were performed at 
1000 rpm, and examination of Figure 3-7 indicates that the timing change did 
not affect the relationship between fuel consumption and water addition. One 
series of tests was performed at 1400 rpm (Figure 3-8); the results again 
indicate that the timing change did not improve the ability of the engine to 
benefit from the addition of water to the fuel. In both Figure 3-7 and Figure 3-8, 
the curves designated as baseline are reproduced from Figures 3-4 and 3-5. 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

3-5. FUEL CONSUMPTION, DETROIT DIESEL ENGINE, FOUR SPEEDS 
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TABLE 3-1. DETROIT DIESEL 12V-149TI ENGINE 
FUEL INJECTION TIMING 


Injector 

Adjustment 
Dimension 
(inches) 

Timing of 
Injection 

Event 

(degrees) 

2.165 

5.5 advance 

2.185 

2.8 advance 

2.205 

0 

2.223 

2.4 retard 

2.235 

4.1 retard 








FIGURE 3-6. FUEL INJECTION TIMING AS FUNCTION OF ADJUSTMENT DIMENSION 
DETROIT DIESEL ENGINE, 12V-149TI (180 INJECTORS) 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

FIGURE 3-7. EFFECT OF INJECTION TIMING ON FUEL CONSUMPTION, 
DETROIT DIESEL ENGINE, 1000 RPM 
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3.2 EXHAUST SMOKE 


During the performance of the test runs on the C ummi ns engine, it was 
observed that the presence of water in the fuel caused a significant per¬ 
centage reduction in the presence of exhaust smoke. The test results are shown 
in Figure 3-9 for the test point at 1800 rpm, and in Figure 3-10 for the test 
run at 1200 rpm. In both cases, it may be observed that the smoke reduction 
increased as water was added to the fuel. Although the percentage reductions 
are dramatic, it must be noted that the opacity of the exhaust stream was 
quite low even without water addition. Therefore, the effect of water addition 
on smoke reduction is questionable from a practical viewpoint, although the 
magnitude of the effect is statistically significant. 


3.3 PARTICULATE EMISSIONS 

During some of the Detroit Diesel engine tests, measurements were made 
of the particulate emissions using the procedures outlined in Section 2. A 
sample of the exhaust was obtained from each of the engine exhaust pipes, 
diluted with air, and passed through a pre-weighed filter. The difference in 
filter weights, combined with gas flow measurements, provided an assessment 
of the particulate loading per standard cubic foot of exhaust. 

The results obtained from the particulate measurements are shown in 
Figures 3-11 and 3-12 as a function of both water concentration and engine 
speed. It may be observed from the data presented that the addition of water 
to the fuel has no positive effect on the particulate emissions. 


3.4 OXIDES OF NITROGEN 

The potential of water addition in terms of reduction of emissions of 
oxides of nitrogen from an operating engine was of particular interest at the 
outset of the program; other investigators have suggested that the use of 
water-in-fuel emulsions can provide a significant change in the emission levels 
of this particular contaminant. 
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WAJfR CONCENTRATION (PERCENT BY VOLUME) 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

FIGURE 3-10. EXHAUST SMOKE, CUMMINS ENGINE, 1200 RPM 
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FIGURE 3-11. EXHAUST PARTICULATE EMISSIONS AS FUNCTION OF PERCENT 
WATER, DETROIT DIESEL ENGINE 
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FIGURE 3-12. EXHAUST PARTICULATE EMISSIONS AS FUNCTION OF ENGINE 
SPEED, DETROIT DIESEL ENGINE 
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For the Cummins engine, the results of the testing program are summarized 
in Figure 3-13 for the 1800 rpm test point, and in Figure 3-14 for the 
1200 rpm test point. Neither case allows the inference of a reduction in 
emissions of oxides of nitrogen as phrased in terms of nitric oxide con¬ 
centrations. In fact, the results at 1800 rpm suggest that water addition 
did in fact increase the nitric oxide emissions. This result is due in part 
to a unique characteristic of the cummins fuel injection system. The PT system 
utilized on the test engine provides for the end of fuel injection at a fixed 
crank angle location. In other words, the fuel injection event ends at the 
same point during each engine cycle regardless of the quantity of fuel supplied 
to the injector. An increase in liquid volume, such as that obtained by the 
addition of water to the fuel, results in an advance of the point at which 
injection begins. Thus, the injection event begins earlier in the engine cycle 
as water is added to the fuel. The effect of injection advance on emissions 
of oxides of nitrogen is well documented; in general, injection advance tends 
to increase the emissions of this substance. It is likely, therefore, that 
the effect of the injection advance offset the tendency toward NO reduction 
afforded by the presence of water, and the result was the observed constancy 
or slight increase of nitric oxide levels. 

Some specific experiments were performed to assess the degree of injection 
advance associated with the addition of water to the fuel. Through the use of 
a strain-gauged component in the injection linkage, a signal was obtained that 
allowed display of the injection event on an oscilloscope. A series of tests 
was performed at the 1800 rpm test point; the results are shown in Figure 3-15. 
The injection event is defined by the point indicated. It may be observed that 
as the water concentration increases the point at which injection begins tends 
to advance with respect to the top dead center position. From evaluation of 
the oscilloscope photographs, it was determined that an injection advance of 
approximately one degree could be associated with the addition of each five 
percent water added to the fuel. 

Emissions of oxides of nitrogen for the tests of the Detroit Diesel engine 
are summarized in Figure 3-16; the effect is similar to that observed for the 
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WATER CONCENTRATION {PERCENT BY VOLUME) 

FIGURE 3-14. EMISSIONS OF NITRIC OXIDE, CUMMINS ENGINE, 1200 RPM 








20% WATER 25% WATER 

Note: Each major vertical division represents ten degrees. 

FIGURE 3-15. TIMING OF THE BEGINNING OF FUEL INJECTION, 
CUMMINS ENGINE 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

FIGURE 3-16. EMISSIONS OF OXIDES OF NITROGEN, DETROIT DIESEL 
ENGINE, FIVE SPEEDS 





Cummins engine. The emissions increase as the load increases; this result is 
the usual consequence of increased cycle temperatures. Although some 
reductions seem to occur at low rpm (800 and 1000) and high water concentrations, 
in general, the addition of water does not appear to be effective for the re¬ 
duction of emissions of oxides of nitrogen at any concentration examined during 
these tests. The explanation used for the lack of influence of water addition 
on emissions of oxides of nitrogen for the Cummins engine is not applicable in 
this case; increased liquid quantities do not affect the timing of the 
beginning of injection for the Detroit Diesel engine. 

Two mechanisms may be postulated for the control of emissions of oxides 
of nitrogen through water addition. First, the water tends to absorb energy 
from the combustion process, and lower peak cycle temperatures might be 
attained. In addition, the presence of water tends to increase the ignition 
delay period; the net effect in this case would be a retarded combustion event. 
Since both cycle temperature reduction and retarded injection timing have 
previously been demonstrated as effective control techniques, it would appear 
that water addition should provide the desired results. However, the data 
obtained during this program indicate that, if the mechanisms described were 
operative, they were not sufficient in magnitude to provide effective control. 

In other words, at the water concentration levels employed and at the engine 
power levels utilized, the ignition delay increase and the cycle temperature 
decrease were not sufficient to cause an appreciable decrease in the emissions 
of oxides of nitrogen. 

3.5 UNBURNED HYDROCARBONS 

Unburned hydrocarbons are another exhaust contaminant of particular 
interest in engine exhaust streams. In general, it has been found that the 
presence of water in the fuel tends to increase the occurrence of unburned 
hydrocarbons in the exhaust due to a reduction in the cycle temperatures. The 
hydrocarbon results for the Cummins engine are shown in Figures 3-17 and 3-18 
for the test points at 1800 rpm and 1200 rpm. The effect of water addition 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

EMISSIONS OF UNBURNED HYDROCARBONS, CUMMINS ENGINE, 1200 RPM 








is largely inconclusive at 1800 rpm; at 1200 rpra an increase in hydrocarbons 
may be observed. Again, it is likely that the effect of injection advance 
counteracted the effect of the presence of water to some extent. 

For the Detroit Diesel engine, the values of unburned hydrocarbon emissions 
are shown in Figure 3-19. The magnitudes of the emission levels are higher 
than those observed for the Cummins engine; this result is not unusual for 
comparisons between four-stroke cycle and two-stroke cycle engines. The 
presence of water in the fuel appears to yield an increase in hydrocarbon 
emissions; the levels associated with five percent water concentration are 
increased by about thirty percent compared to the baseline values. Water 
concentrations above five percent, however, had little additional effect on 
hydrocarbon emissions. 


3.6 CARBON MONOXIDE 

Carbon monoxide is a contaminant of the same character as unburned hydro¬ 
carbons in that both substances occur as a result of incomplete oxidation of 
the fuel. The situations that cause high hydrocarbon emissions typically 
cause high carbon monoxide emissions in addition. For the Cummins engine, it 
may be observed in Figures 3-20 and 3-21 that the character of the carbon 
monoxide emissions for these tests is similar to that for the emissions of 
unburned hydrocarbons. The results at 1800 rpm do not indicate a significant 
change in carbon monoxide emissions, and a moderate increase is apparent for 
the 1200 rpm test point at the high water concentration. 

For the Detroit Diesel engine, the emissions of carbon monoxide are 
described in Figure 3-22. The results for 1200 rpm suggest a small influence 
of water concentration on carbon monoxide emissions. At speeds below 1200 rpm, 
an increasing tendency toward higher emissions may be observed, while an 
increasing tendency toward emission reduction can be associated with speeds 
above 1200 rpm. An explanation of this trend may be postulated in terms of 
the effect of water addition on the ignition delay of the fuel and on the mixing 
of fuel and air within the cylinder. At the low speeds, the effect of the 
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FIGURE 3-19. EMISSIONS OF UNBURNED HYDROCARBONS, DETROIT DIESEL ENGINE, 
FIVE SPEEDS 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

FIGURE 3-20. EMISSIONS OF CARBON MONOXIDE, CUMMINS ENGINE, 1800 RPM 
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WATER CONCENTRATION (PERCENT BY VOLUME) 

FIGURE 3-22. EMISSIONS OF CARBON MONOXIDE, DETROIT DIESEL 
ENGINE, FIVE SPEEDS 







addition of water on the ignition delay might be sufficient to cause increased 
emissions of carbon monoxide, although no effect on emissions of hydrocarbons 
and oxides of nitrogen was discernible. 

It may be more appropriate to examine the carbon monoxide emissions from 
the Detroit Diesel engine in the context of mixing within the engine cylinder. 
During the 800 rpm tests, the fuel rate was quite small at the prop load 
condition. The addition of an inert component to the fuel stream would tend 
to diversify the jet of injected fuel with respect to the interior of the 
cylinder; the local fuel-air ratio in the vicinity of a fuel droplet would 
tend to become leaner. Since successful combustion depends upon ignition at 
points within the chamber and subsequent mixing of burning and unburned 
materials, it is possible that the addition of water allowed portions of the 
charge to escape complete inflammation. At the higher fuel rates, this 
effect of water addition would be reduced, and the effect of water addition 
on carbon monoxide emissions would be reduced. This argument does not 
explain the high carbon monoxide levels at the 1600 rpm test point; the 
baseline carbon monoxide emissions at that point seem uncharacteristically 
high. Since the fuel-air ratio at this point is well within customary limits 
for good combustion, poor mixing of air and fuel could be the cause of poor 
combustion. It is possible that the injection of an increased volume of liquid 
allowed improved penetration of the fuel injection jet, and increased mixing 
caused a reduction in carbon monoxide levels to values typical of lower speeds. 

3.7 CARBON DIOXIDE AND OXYGEN 

The emissions of carbon dioxide and oxygen are recorded in the test data 
shown in Appendix C. These substances, although not regulated contaminants, 
are of interest in the generalized context of engine testing. The carbon 
dioxide measurement is particularly important to carbon balance fuel-air ratio 
calculations, and results for these estimates have been presented in Figure 2-14. 









4, SUMMARY AND CONCLUSIONS 


During the testing program described by this document, Cummins and 
Detroit Diesel engines representative of USCG main propulsion units were 
operated under loading conditions typical of marine service using water- 
in-fuel emulsions having various concentrations. Measurements of engine 
performance and emissions were obtained in an effort to define optimum points 
for further exploitation of the benefits of emulsified fuels. 

The engines were evaluated on a laboratory test bed that included a 
dynamometer capable of absorbing the maximum engine output. Instrumentation 
was provided to allow measurement of speed, load, and pertinent temperatures 
and pressures throughout the installation. Fuel was supplied through a system 
capable of blending water with diesel fuel in amounts up to 25 percent of the 
total volume of liquid supplied to the engine; fuel not used by the engine 
was cooled and recycled through the blending system. No surfactants or 
stabilizers were employed. A Gaulin "Hydroshear" emulsifier was used to 
accomplish the mixing of fuel and water, and visual observation of samples 
obtained from various points suggested that separation of fuel and water did 
not occur within the fuel system. The fuel consumption measurements were 
performed using a direct weight method. 

Measurements of gaseous exhaust emissions were obtained for both engines 
using instruments appropriate to the type and level of the individual con¬ 
taminant substances. In addition, a dilution tunnel was used to measure 
particulate emissions from the Detroit Diesel engine, and exhaust smoke 
measurements were obtained for the Cummins engine. 

Data from cutter logs were used to define the prop load test points of 
particular interest for the Cummins engine, and tests were repeated several 
times for those points in order that a statistical basis for the results 
could be constructed. For the Detroit Diesel engine, tests were performed at 
more points along the prop load curve, but the repetition of tests was less 
extensive. 
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The fuel consumption tests for the Cummins engine suggested that diesel 
fuel savings averaging two to three percent could be obtained using emulsion 
concentrations of fifteen to twenty percent water. No significant fuel saving 
could be associated with the use of emulsions in the Detroit Diesel engine. 

Since the laboratory test conditions were generally more favorable than those 
that would prevail in actual marine use, it is necessary to conclude that the 
use of water-in-fuel emulsions would not be beneficial to USCG operations. 

Measurements of exhaust smoke were performed for the Cummins engine, and 
particulate emissions were measured for the Detroit Diesel engine. Although 
dramatic reductions in exhaust plume opacity were observed, the smoke levels 
for engine operation without water addition were not excessive. Thus, although 
the data suggest that water-in-fuel emulsions could be used for smoke control, 
the observation of excessive smoke at any operating point other than full 
rated load is probably indicative of defective engine components or poor 
adjustment of engine systems, and smoke control should be effected through 
correction of those conditions. The addition of water to the fuel did not 
have a significant effect on the emission of exhaust particulates, although 
the Detroit Diesel engine was generally insensitive to the presence of water 
at all test points. 

In terms of gaseous exhaust emissions, the expected effects of water 
addition were not generally observed. The addition of water to the fuel 
should yield an increase in the emissions of oxides of nitrogen. Although 
some trends toward these effects could be observed in the test results, no 
definitive conclusions can be drawn concerning the effect of water addition 
on emissions. 

From a theoretical viewpoint, the addition of water to diesel fuel can 
result in a mixture which would exhibit unique properties at the onset of 
combustion. Specifically, it is believed that the vaporization of the water 
phase causes a "micro-explosion" that is capable of shattering a fuel droplet; 
the result of this process would be improved mixing of fuel and air and enhanced 
combustion quality. In addition to improving combustion in a diesel engine, 
the presence of water in the fuel should lower combustion temperatures, and 
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emissions of unburned hydrocarbons and carbon monoxide should increase. Also, 

the lower temperature and an increase in the ignition delay period should 

reduce the emissions of oxides of nitrogen. The micro-explosion phenomenon 

has been demonstrated for burning of single droplets, and the addition of water 

to fuel has been suggested for application to a wide range of combustion 

2 , 3 , 4 , 5,6 

processes. ’ 

Several investigators have obtained encouraging test results using water- 

16 7 8 

in-fuel emulsions in diesel engines; * * * others have been less successful 

9 10 

in demonstrating benefits associated with the emulsion use. * The basic engine 
configuration apparently affects the results; four-stroke cycle engines have 
generally produced more noticeable effects. 

During the present study, all of the observations were macroscopic in 
nature, and no attempt was made to observe the details of emulsion quality 
or the micro-explosion event. However, the tests were performed in such a 
way that the effects of emulsions on engine performance would be revealed. 

For the four-stroke cycle (Cummins) engine, the observed reductions in 
fuel consumption and exhaust stream opacity are indicative of improved mixing 
between the fuel spray and the air charge within the combustion chamber. The 
results for unburned hydrocarbons and carbon monoxide were inconclusive, and 
the emissions of oxides of nitrogen were probably affected by the change in 
injection timing due to increased fuel quantity. Thus, some evidence can be 
associated with support of the micro-explosion theory, although the effects 
were not sufficiently large to be of practical interest. 

In the case of the two-stroke cycle (Detroit Diesel) engine, no improve¬ 
ment in fuel consumption or particulate emissions could be observed. Some 
indication of mixing quality could be inferred from the data on carbon monoxide 
emissions, but the presumed micro-explosion effects could not be separated 
from alterations of the fuel spray due to increased injection quantity. In 
general, the two-stroke cycle engine was quite tolerant of, and insensitive 
to, the addition of water to the fuel. This result is consistent with the 
observations of other investigators; for example, some observers have found 
that water concentrations exceeding AO percent were necessary to obtain 
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significant changes in engine performance. Such water concentrations lie 
beyond the range of practical interest for USCG operations. 

Both the data obtained during this study and the results reported by other 
investigators indicate that the effect of water-in-fuel emulsions on engine 
performance is dependent upon the engine system configuration. Although 
inferences can be drawn from the body of accumulated information, it is not 
possible, as yet, to predict the response of an untested engine to the addition 
of water to the fuel. Additional information must be obtained to define the 
specific mechanisms which are operative and the effect that these mechanisms 
exert on the combustion process. 

It is possible that further investigation would reveal significant 
differences between techniques for the production of water-in-fuel emulsions, 
both in the microstructure of the emulsion product and in the effect on engine 
operation. Aside from the assurance of a stability sufficient for transit 
through the fuel system, this study did not address the details of emulsion 
production. An investigation of the effects of different production techniques, 
if attempted, should be closely coupled with a study designed to reveal the 
dominant mechanisms of combustion process control. 
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5. RECOMMENDATIONS 


On the basis of the results obtained during this study, it is recommended 
that no future effort be directed toward the use of water-in-fuel emulsion 
in 85 foot and 95 foot WPB class cutters. Although a small fuel consumption 
benefit was observed for the Cummins engine in a laboratory environment, it 
is unlikely that a benefit of 2-3 percent could be translated to field use. 

The use of water-in-fuel emulsions for smoke control is possible for the 
Cummins engine, but emulsion use should not be pursued as a control strategy. 
Excessive smoke at conditions other than engine rated speed and load is indica¬ 
tive of a hardware failure or poor control system adjustment, and correction 
of the defect is indicated in preference to an auxiliary control strategy. 

The data obtained on the Cummins and Detroit Diesel engines do not 
preclude the successful use of emulsions in other USCG power units. If 
emulsions are candidates for application to, for example, larger medium-speed 
diesel engines, then specific tests should be conducted to determine the 
response of those engines to the presence of water in the fuel system. 

Additional basic work will be required in order to formulate general 
statements concerning the necessary properties of emulsions and the effect 
of those emulsions on engine performance. While the execution of this basic 
work is beyond the scope of USCG interests, it is recommended that performance 
of the basic research efforts be encouraged. Until the general results for 
emulsion use are understood and documented, tests of specific engine- 
emulsification system combinations will be necessary for the assessment of 
practicality. 
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APPENDIX A 


FUEL PROPERTIES AND ENGINE DATA 
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TABLE A-l. FUEL ANALYSIS DATA 


1 


PROPERTY 

CUMMINS 

TESTS 

RUNS 171-282 

DETROIT 
DIESEL TESTS 
RUNS 1-106 

DETROIT 
DIESEL TESTS 
RUNS 107-150 

Heat of Combustion (BTU/LB) 

20,038 

20,050 

19,400 

Hydrogen (% by Weight) 

12.83 

12.92 

13.52 

Carbon (% by Weight) 

85.75 

84.71 

84.31 

Oxygen (% by Weight) 

2.37 

1.60 

0.96 

Nitrogen (% by Weight) 

0.68 

0.77 

0.48 

Sulfur (% by Weight 

0.18 

0.12 

0.075 

API Gravity at 60°F 

35.3 

33.9 

35.1 

Reid Vapor Pressure 

1.78 

2.60 

0.31 

Cetane Number (Calc.) 

47.5 

49.7 

50.6 

Flash Point (°F) 

147 

163 

162 

Viscosity (centistokes) 




50 °F 

4.91 

7.30 

5.51 

100°F 

2.59 

3.55 

3.14 

150°F 

1.61 

2.18 

1.95 

210°F 

1.07 

1.35 

1.26 

Distillation 




IBP (°F) 

360 

387 

385 

10% (°F) 

420 

463 

446 

20% (°F) 

446 

489 

473 

30% (°F) 

464 

505 

482 

40% (°F) 

481 

520 

507 

50% (°F) 

499 

534 

522 

60% (°F) 

514 

549 

536 

70% (°F) 

533 

568 

554 

80% (°F) 

552 

595 

579 

90% (°F) 

581 

640 

621 

95% (°F) 

606 

682 

657 

EP (°F) 

630 

714 

700 

Recovery (%) 

98.5 

96.75 

98 

Residue (%) 

1.5 

1.25 

2 

Loss (%) 

0.0 

2.00 

0.0 









TABLE A-2. MARINE ENGINE PERFORMANCE CURVE 
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700 


500 

300 


100 


60 


Uo 


20 

0 


1. GROSS BRAKE HORSEPOWER. 

2. NET HORSEPOWER WITH REVERSE REDUCTION GEAR, 
GENERATOR AND RAW WATER PUMP. 

3. HYPOTHETICAL PROPELLER POWER CURVE (3.0 EXPONENT). 

4. FUEL CONSUMPTION FOR NET SHAFT HORSEPOWER. 

5. FUEL CONSUMPTION FOR HYPOTHETICAL PROPELLER. 


The above curves are based on 500 ft. altitude (29.38" HG.) and 85°F 
intake air temperature; fuel consumption curves are based on fuel weight 
of 7.0 lb/US gal. Manufacturer's data for Model VT12-900M engine 
(turbocharged-aftercooled, 12 cylinders, 1710 cu. in. displacement, with 
5-1/2 in. bore and 6 in. stroke, military version). 
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APPENDIX B 
SAMPLE CALCULATIONS 


During each individual test run, engine data were entered on a permanent 
record sheet. The data items that were recorded are listed in Table B-l along 
with the numerical values associated with run number 235 for the Cummins engine; 
the sample calculations which follow will be based upon the numerical values 
shown. 

The differences between the data items recorded for the Cummins and 
Detroit Diesel engines were minor. The Detroit Diesel engine was equipped 
with four turbochargers; therefore, the number of turbocharger-related 
temperatures and pressures was doubled by comparison with the Cummins engine. 
Also, air box pressure, rather than fuel rail pressure, was recorded for the 
Detroit Diesel engine. 

Recorded engine test data were entered into a computer program, and 
several calculation routines were executed. The following discussion describes 
the details of the calculation procedure, and the numerical values for 
Cummins run number 235 are presented as an example. 

Humidity Calculations 

The air supplied to the engine contained some moisture, and the further 
addition of water to the fuel affected the exhaust moisture. The following 

equation was used for the calculation of the saturation vapor pressure of 

„ 12 
water: 


PB 


exp 


|b In T 


9 i-2 

+ Z Fi T 1 L 
i=0 


]• 


( 1 ) 


where Pg 
T 
B 

FO 

*1 

F2 


saturation vapor pressure, pascals 

temperature, °K 

-12.150799 

-8.49922 x 10 3 

-7.4231865 x 10 3 

96.1635147 




;Wr**c 
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TABLE B-l. TEST DATA 


1 Date: 24 July 1979 __—___-■——-1 

Value for 
Cummins 

Run 235 

Data Item 

Units I 

Dynamometer Constant 


3000 

Nominal Water Concentration 

Percent 

20 

Barometric Pressure 

Inches - Hg 

29.03 

Wet Bulb Temperature 

1 

77 

Dry Bulb Temperature 

°F 

87 

Engine Hour Meter 

Hours 

5222.3 

Engine Speed 

RPM 

1800 

Beam Load 

Pounds 

718 

Coolant Inlet Temperature 

°F 

175 

Coolant Outlet Temperature 

°F 

186 

Oil Sump Temperature 

°F 

219 

Fuel Temperature at Emulsifier 

°F 

112 

Diesel Fuel Inlet Temperature 

°F 

95 

Return Fuel Temperature 

°F 

151 

Return Fuel Temperature After Cooler 

°F 

113 

Intake Air Temperature 

°F 

90 

Exhaust Stack Temperature (Left) 

°F 

762 

Exhaust Stack Temperature (Right) 

°F 

777 

Turbine Inlet Temperature (Left) 

°F 

905 

Turbine Inlet Temperature (Right) 

°F 

917 

Compressor Outlet Temperature (Left) 

°F 

224 

Compressor Outlet Temperature (Right) 

°F 

222 

Charge Air Temperature (Left) 

°F 

189 

Charge Air Temperature (Right) 

°F 

189 

Tap Water Inlet Temperature 

°F 

101 

Cell Air Temperature 

°F 

91 

Engine Oil Pressure 

psi 

76 

Fuel Rail Pressure 

psi 

96 


1 
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TABLE B-l. TEST DATA, continued 


Data Item 

i 

1 Units 

Value For 
Cummins 

1 Run 235 

Boost Pressure (Right) 

t 

| psi 

1 9.9 

Boost Pressure (Left) 

psi 

10.0 

Turbine Inlet Pressure (Left) 

psi 

9.0 

Turbine Inlet Pressure (Right) 

psi 

10.0 

Inlet Vacuum 

In. H20 

13.9 

Exhaust Pressure (Right) 

Inches - Hg 

0.2 

Exhaust Pressure (Left) 

Inches - Hg 

0.5 ; 

Pressure Drop, LEE Filter 

In. H20 

5.40 ; 

Pressure Drop, Laminar Flow Element 

In. H 2 O 

4.25 ' 

Exhaust Temperature, Cylinder 1R 

°F 

905 

Exhaust Temperature, Cylinder 2R 

°F 

890 | 

Exhaust Temperature, Cylinder 3R 

°F 

897 1 

Exhaust Temperature, Cylinder 4R 

°F 

873 | 

Exhaust Temperature, Cylinder 5R 

°F 

890 

Exhaust Temperature, Cylinder 6R 

O 

F 

898 

Exhaust Temperature, Cylinder 1L 

°F 

939 

Exhaust Temperature, Cylinder 2L 

°F 

913 

Exhaust Temperature, Cylinder 3L 

°F 

880 | 

Exhaust Temperature, Cylinder 4L 

°F 

882 1 

Exhaust Temperature, Cylinder 5L 

°F 

892 

Exhaust Temperature, Cylinder 6L 

°F 

904 

Water Flowmeter 1, Glass Float 

mm 

150+ 

Water Flowmeter 2, SS Float 

mm 

115 

|Water Flowmeter 3, SS Float 

mm 

0 

Fuel Pressure, Tank 

psi 

20 

Pressure, Emulsifier Inlet 

psi 

100 

f 

Pressure, Fuel at Engine 

psi 

1.6 

Water Supply Pressure 

psi 

65 

Emission Concentrations 



Hydrocarbons 

ppmc 

56 

Carbon Monoxide 

■ ■ ■■ ■ ■ -- .... _ 

ppm 

148 
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TABLE B-l. TEST DATA, continued 


P 


Data Item 

Units 

Value For 
Cummins 
Run 235 

Nitric Oxide 

ppm 

773 

Oxides of Nitrogen 

ppm 

770 

Carbon Dioxide 

Percent 

7.8 

Oxygen 

Percent 

12.8 

Smoke 

Percent 

3.3 

Fuel Flow Measurements 

Pounds 

5.0 

Times: 1 

sec 

102.3 

2 

sec 

102.6 

3 

sec 

102.4 

4 

sec 

102.7 













f 3 

- 

2.4917646 x 10" 2 

p 4 


-1.3160119 x 10" 5 

*5 

= 

-1.1460454 x 10" 8 

F6 

= 

2.1701289 x 10 _n 

F7 

= 

-3.610258 x 10' 15 

f 8 

- 

3.8504519 x 10~ 18 

f 9 

= 

-1.4317 x 10 -21 . 


Application of this equation to the dry and wet bulb temperatures for run 235 
yields the following: 


PyB = 3168.62 pascals (at 298.15°K) 

P DB = 4382.41 pascals (at 303.71°K). 

The vapor pressure at the wet bulb temperature was obtained from "Ferrels 
equation", 


P V = PWB “ 0.000660 (T db - Twb) P barq [l + 0.0015 (Twe - 273.15)], (2) 


where Py 
Tdb 

TwB 

p BAR0 


vapor pressure, pascals 

dry bulb temperature, °K 

wet bulb temperature, °K 

barometric pressure, 98307.2 pascals. 


Using this relationship, the vapor pressure was found to be 

Py = 2797.50 pascals. 

The relative humidity, by definition, was calculated as: 


P 

RH = X 100 = 63.8% , (3) 

p DB 

and the specific humidity was calculated from: 
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H =» 


(4) 


00 ( P V) 

p BAR0 _ P V 

where H * specific humidity, gm H 20 /gm dry air 
K a 0.6220 gm H20/gm Jry air, 

for the test case, 

H = 0.0182 gm H20/gm dry air 

(or pounds moisture/pound dry air). 

The volume concentration of the water vapor was calculated on a dry basis 
as: 


Y 


< «> = 0.0293 , 

m H2° 


(5) 


where Y = water vapor volume concentration 
m AIR a molecular weight of air = 28.9645 

“ molecular weight of water = 18.01534/ 

Water Flow Rate Calculations 

Although a nominal water concentration was associated with each test run, 
the actual flow to the engine fuel system was measured using variable area 
flowmeters. The flowmeters were calibrated with water prior to the initiation 
of testing, and a fifth order curve was fitted to the calibration data. Two 
flowmeters were utilized, and one of the two units contained two floats; thus 
three calibrated flow ranges were available. The matrix of flowmeter constants 
is shown in Table B-2. The water flow determination was based upon the flow 
range most applicable to the particular test run; the procedure was 

WFR - Wj. + W 2 (X) + W3(X 2 ) + W 4 (X 3 ) + W 5 (X 4 ) + W 6 (X 5 ), (6) 

where WFR = water flow rate, cc/min 
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TABLE B-2. WATER FLOWMETER CURVE COEFFICIENTS 


" 

Meter 1 

Glass Float 

..—. "" ‘ “ 1 

Meter 1 

Stainless Steel Float 

Meter 2 

Stainless Steel Float 

Wi 

0.1124503 x 10 2 

-0.3398302 x 10 1 

0.1701297 x 10 1 

w 2 

-0.1180202 x 10 1 

0.8969192 

0.7123502 

w 3 

0.6830435 x 10 _1 

0.7994353 x 10 _1 

0.1005951 

w 4 

-0.7587800 x 10 _3 

-0.1017442 x 10“ 2 

-0.1434834 x 10" 2 

W 5 

0.3808533 x 10 _5 

0.5968658 x 10~ 5 

0.8912745 x 10 _s 

W6 

-0.6943106 x 10" 8 

-0.1340098 x 10 _7 

-0.2025536 x 10~ 7 















W - calibration coefficient. Table B-2 

X - flowmeter scale reading, mm. 

The calculated water flow rate was utilized in subsequent calculations 
for the measured water concentration and the corrected exhaust humidity. For 
the example situation (run 235), the water flow rate was: 

WFR = 384 cc/min . 

Engine Performance Calculations 

The observed brake horsepower was calculated from the engine speed and 

load: 


BHP 


(N) (L) 
K 


where BHP 
N 
L 
K 


brake horsepower 
engine speed, rpm 
dynamometer beam load, pounds 
dynamometer constant 
3000 for Cummins tests 
2000 for DDAD runs 1 - 106 
3000 for DDAD runs 107 - 150 . 


For the case of Cummins 


run 235, 


BHP 


(1800X718) 

3000 


431 . 


The observed torque was 


obtained from 


(7) 


T „ (5 .252 W 

1 K 


1257 lb. ft. , 


( 8 ) 


where T ■ 
L “ 


torque, lb. ft. 
beam load, lb. 





r 


K = dynamometer constant. 

Correction factors for the observed engine performance were developed 

13 

on the basis of atmospheric conditions. The dry barometric pressure 
was calculated from 


P V 

P B, DRY “ P BARO " ^ 


28.20 in. Hg, 


where P B> DRY 
K P 


dry barometric pressure, in. Hg 
3386.4 pascal/in. Hg. 


the value of the correction factor was then obtained 


where Cp 

c test 



correction factor 

intake air absolute temperature, °R. 


For the specific test case. 


C D 


( 29.00 ] [ 90 + 460 
28.20 I I 545 


0.7 


1.035, 


therefore, the corrected horsepower was 


CBHP - (431)(1.035) - 446. 


(9) 


( 10 ) 


The mean effective pressure is a useful parameter that describes engine 
output per unit area of piston surface. In the calculation routine, values 
were obtained from the relationship 


bmep 


^ (CBHP) 
(D) (N) 


115, 


( 11 ) 
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vhere bmep 
Km 

D 


N 


brake mean effective pressure, psl 
constant, 792,000 for 4-stroke cycle 
396,000 for 2-stroke cycle 
engine displacement, cubic inches 
1710 for Cummins engine 
1788 for Detroit Diesel engine 
engine speed, rpm. 


Air Flow Calculations 

During the Cummins engine tests, the air flow to the engine was measured 
using a Meriam Laminar Flow Element. During test runs, the pressure drop 
across the element, the pressure drop across the filter, and the temperature 
of the incoming air were recorded. The volume flow rate was obtained from a 
curve fitted to the flow element calibration curve by means of the following 
relationship: 


CFM = AC + BC (dp) + CC (dp) 2 + DC (dp) 3 , 


( 12 ) 


where CFM 
dp 
AC 
BC 
CC 
DC 


volume flow, cubic feet per minute 
pressure drop across element, inches of water 
0.0 


298.825 
5.88898 
0.19913 . 


For the example calculation, it may be observed that 


CFM - 1179 . 


Two correction factors were used to adjust the volume flow rate to the 
calibration basis of standard cubic feet per minute. The pressure correction 
was 


PCF * p BAR0 - (dp filter) (0.07355) , Q 

rur 29.92 v.voj 


(13) 
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where PCF = pressure correction factor 

dp filter = pressure drop across filter, inches of water. 

The correction for temperature was obtained from a curve fitted to data 

14 

supplied with the instrument (Table B-3). 

TCF = X x + X 2 (T i ) + X 3 (Ti) 2 + X 4 (Ti) 3 = 0.937, (14) 


TCF 

= 

temperature correction 

factor 

Ti 

3 

inlet air temperature. 

°F 

% 

= 

1.28345 


*2 

3 

-0.0048289 


X3 

= 

1.227782 x 10~ 5 


X 4 

= 

-1.618912 x 10" 8 . 



The air mass flow rate was then established in terms of air density at the 
calibration condition (70°F) as: 

AMF = (CFM)(PCF)(TCF)(ps) = 79.2, (15) 

where AMF * air mass flow, pounds per minute 

ps = density of air at 70°F and 29.92 inches of mercury, pounds 

per cubic foot. 

The air flow rate was adjusted using the previously calculated moisture 
concentration: 


DAMF = AMF (1.0 - H), (16) 

where DAMF = mass flow rate of dry air, pounds per minute 
H = moisture, pounds water per pound dry air. 

For the example calculation, 


DAMF - 79.2 (1.0 - 0.0182) 


77.8. 






TABLE B-3. AIR TEMPERATURE CORRECTION FACTORS 


AIR TEMPERATURE CORRECTION FACTORS FORSCFM 
AIR BASE TEMPERATURE 70°F, VISCOSITY 181.87 MICROPOISE 
REFERENCE NBS CIRCULAR 564 


CORRECTION FACTOR = .TT x ~ 

459.o7*f r yg* 

Ug* Viscosity of Air at flowing temperature 


■ 

+0 

4 - | 

♦ 2 

+3 

+ 4 

+5 

+6 

+7 

♦8 

+9 

mm 

1.0707 

1.0670 

1.0633 

1-0596 

1-0559 

1.0523 

1.0687 

1.0651 

1.0615 


60 

i .0344 

t .0303 

1.0273 

1.0233 

1.0206 

1.0169 

1.0135 

1.0101 

1.0067 

i.o^;; 

70 

1.0000 

■ 9966 

.9933 

■ 9900 

■ 9867 

. 9836 

.9802 

■ 9770 

• 9737 

.97:5 

80 

.9676 

.9662 

.9611 

.9579 

• 9568 

■ 9517 

.9686 

• 9656 

■ 9625 


■a 

.9365 

• 9335 

■ 9305 

• 9275 

.9266 

.9216 

.9187 

■ 9158 

■ 9129 

9100 

100 

■ 9072 

• 9063 

• 90'5 

.8987 

.8959 

.8931 

.8903 

.8875 

.8868 

. 6o2Q 

no 

• 8793 

.8766 

.8739 

.8712 

.8686 

.8659 

.8633 

.8606 

.8580 

.8556 

120 

.8528 

.8503 

.8677 

.8652 

.8626 

.8601 

.8376 

.8351 

.8326 

.8301 

130 

.8276 

.8252 

.3227 

.8203 

.8179 

.8155 

.8131 

.8107 

.8083 

.8060 


.8036 

.8013 

. 7990 

• 796b 

-7963 

. 7920 

.7898 

.7875 

. 7352 

. ? J }C 

gg 

.7807 

.7755 

.7763 

.7761 

.7713 

.7697 

• 7675 

.7653 

7632 

./e.; 
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Fuel Flow Calculations 

During each test run, several measurements of the mass flow rate of 
diesel fuel were performed. The determinations were made by observing the 
time required for consumption of a known mass of fuel from a container on a 
scale; the fuel masses were varied to permit time measurements on the order 
of two minutes. Each fuel mass flow rate was calculated, and an average was 
obtained. For the case of Cummins run 235, the following data apply: 


Observation 


1 

2 

3 

4 

Fuel mass, pounds 


5.0 

5.0 

5.0 

5.0 

Time, seconds 


102.3 

102.6 

102.4 

102.7 

Fuel rate, pounds per 

hour 

175.95 

175.44 

175.78 

175.27 

Average Fuel 

Rate 

= F = 

175.61 pounds per hour 

• 


The brake specific fuel consumption was calculated from the average fuel rate 
and the corrected brake horsepower: 


BSFC = = 0.3939 pounds fuel per brake (17) 

horsepower hour. 

As a consequence of the fuel and air flow determinations, the observed fuel- 
air ratio was calculated: 


MEAS 


(DAMF)(60) 


= 0.0376, 


(18) 


In order to obtain the fuel volume flow rate, a hydrometer measurement 
of the API gravity of the fuel was obtained and corrected to 60°F through 

the use of ASTM IP Table 5*^ The value at 60°F was then used in the 

context of ASTM IP Table 3^ to determine the specific gravity of the 

fuel; for the test case, the specific garvity of the fuel at 60°F compared 

to water at 60°F was: 


sg 60/60 = 0.8483 , 






































the fuel density was then calculated as 


Pfuel “ ( p wateP ^ G 60/60^ 1728 in3 


231 In 3 
gallon 


7.074 , 


where p fuel 
Pwater 


fuel density, pounds per gallon 
density of water at 60°F 
62.38 pounds per cubic foot 


A temperature correction for the difference between the 60°F standard and the 
observed fuel temperature was established from ASTM IP Table 6 and using 
the 60°F value of the API gravity. Values of the volume reduction factor 
were selected from the table for the temperature range 60°F - 120°F, and a 
curve was fitted to the data. The temperature correction was : 

TF - Zi + Z 2 (T f ) + Z 3 (T f ) 2 + Z 4 (T f ) 3 , 0 

where TF = temperature correction factor for fuel volume 
Tf * fuel temperature, °F 
Zi * 0.102678 x 10 
Z 2 - -0.446429 x 10~ 3 
Z 3 - -0.14715 X 10" 12 
Z 4 - 0.10462 x 10“ 14 , 

for the example case of run 235, 


TF - 0.9844 


The fuel density at the test condition was, therefore, 

Pf t = (7.074)(TF) = 6.963 pounds per gallon, 

and the fuel volume flow rate was 





1591, 


( 21 ) 



V F 


(F) (A) _ 

(pp t ) 


where Vp 
A 
B 


fuel volume flow rate, cc per minute 
conversion factor, 3785 cc per gallon 
conversion factor, 60 minutes per hour. 


As a result of the fuel volume flow determination, the water concentration 
in the fuel mixture was calculated: 


w ' wrrr T * 100 - 19 -« • <22 > 

where W = water concentration, percent 

WFR = water flow rate, cc per minute 
Vp = fuel flow rate, cc per minute. 

In order to facilitate subsequent calculations, the water content of 
the exhaust was modified to include the water introduced with the fuel 
along with the water entrained in the inlet air. Assuming a density of one 
gram per cubic centimeter for water. 


WF 


WFR 

453.6 


0.8466, 


where WF 
WFR 


water flow rate, pounds per minute 
water flow rate, cc per minute, 


(23) 


then. 


PR - SM • °- 0109 ’ (24) 

where PR = moisture added with fuel, pounds water per pound dry 
air 


and 
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H' 


H + PR 


0.0217 , 


(25) 


where H' * specific humidity of exhaust, pounds water per pound dry 
air. 

The corrected volume concentration was 


Y' 


(H’)( M AIR) 

m H20 


0.0349 


(26) 


Exhaust Calculations 

From the fuel analysis data shown in Appendix A, the hydrogen/carbon 
ratio of the fuel was calculated as follows: 



- 1.78 , 


where HCR 


HD 

CA 

M C 

M h 


fuel hydrogen/carbon ratio 

12.83 = hydrogen content, percent by weight 

85.75 = carbon content, percent by weight 

12.001 = molecular weight of carbon 

1.008 = molecular weight of hydrogen. 


(27) 


The concentrations of various exhaust constituents were measured using 
instruments appropriate to the type of gas and the level present in the 
exhaust stream. Each relevant range of each instrument was calibrated 
monthly using at least four gas mixtures within the range, and both zero 
and span gases were applied to each relevant range before and after testing 
on each test day. During each test run, scale readings from the instruments 
were compared to curves developed from the monthly calibrations, and concentra¬ 
tions were reported in parts per million (ppm) or percent. Three gas species, 
unburned hydrocarbons, carbon monoxide, and carbon dioxide, were of 
particular importance for the calculation of an air-fuel ratio. The hydro¬ 
carbon measurements were made on a wet basis, and the concentrations were 
corrected to a dry basis during the calculation procedure. 

The air-fuel ratio was calculated from exhaust constituent levels using 

12 

relationships described in the Federal Register. The initial 
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calculation was for the stoichiometric fuel-air ratio: 


Me + (HCR) m H 
STOICH 138.18 [1 + 


0.0691 


The equivalence ratio was then calculated from 


0.544 


STOICH 


For convenience, the following ratios were calculated: 


Ri = HCC 


w 2 , 
10 2 


where HCC = measured hydrocarbon concentration, parts per million 
carbon 

CO = measured carbon monoxide concentration, parts per 
million 

CO 2 = measured carbon dioxide concentration, percent. 


The wet-to-dry correction factor was then obtained from: 


_ 1 _ 

1 + " HCR(R 2 + ^3) + (Rl + R 2 ^3)0- + jjV 

^2 

*■> 1 1 . 


0.929 , (30) 


2 1 + 


(R3) (K) 








where - wet-to-dry correction factor 

K - water-gas equilibrium constant ■ 3.5 . 

then the hydrocarbon concentration that would exist in a dry stream was 
calculated: 


and 


HCD 


HCC 

Kw 


60 , 


R 4 


HCD 

W * 


It was convenient to define the parameter 


X ■ R 2 + R 3 + R 4 , 


( 31 ) 


(32) 


(33) 


for use in subsequent calculations 

The exhaust fuel-air ratio was obtained from the relationship 



calc 




i 

V.77 (l 

HCR 
. + 4 

III 

: STOICH 


1 

[R2.I 

fjM , 

HCR \ 

\l-± 

X 


(0. 

75)(HCR) 

X 

' 2X 1 

lx 1 + 

4 ] 


f * 1 

1 M 
i 5 i 

l + l 

fl-K 

' X 1 


(34) 


For the data representing Cummins run 235, the calculated fuel-air ratio 
was 


[vl = 0.0358 . 

calc 

The difference between the calculated and measured values of the fuel-air 
ratio was obtained from 
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D 


( 100 ) 


-4.9, 


(35) 


calc - 

in 

1 meas 


F 

A 

' meas 


where D = percentage difference between measured and calculated 
fuel-air ratios . 


According to reference (12), the absolute value of D should be less 
than 10 for most engine operating conditions. 

The measured concentrations of nitric oxide were corrected for 
humidity using relationships described in reference (12). The 
calculation of the correction factor depends upon inlet air temperature, 
exhaust stream humidity, and the measured dry fuel-air ratio: 


K N0 x 1 + A(G - 75) + B(T - 85) " 1,19 * 

where A = 0.044 (f ] - 0.0038 

lA ' meas 

B = -0.116(f) + 0.0053 

A 1 meas 

G = humidity in grains per pound dry air 
= (7000)(H’) 

T ■ inlet air temperature, °F , 

then 

DNO = (NO)(K NOx ) , 

where DNO = corrected nitric oxide concentration 

NO = measured dry nitric oxide concentration . 


(36) 


(37) 


The above correction is based upon the use of a water-ice bath for condensa¬ 
tion of the water vapor present in the exhaust stream. The specific 
instrument used for this program employed a methanol-dry ice bath for this 
purpose; the bath temperature was about -150°F. Thus, an additional 
correction for moisture removal was used: 
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DKNO 


DNO 

1.00678 * 


(38) 


The dry values of the exhaust constituent concentrations were used 
for the calculation of mass emissions. Again, several ratios were defined 
for convenience: 


*5 


HCD 

10 4 


r 6 



R -j = R^ + CO 2 + R 5 


R 8 


DKNO 
10 4 


The mass emissions, in grams per hour, were obtained from the following 
relationships: 


W C0 

W N0 X 


W, 


'HC 


( R 3)( w F) = 


R-. 


61 


( M C0)( R 6 )( W F) 
(M c + (HCR)(M H ))(R 7 ) 


( M N0 2 )( r 8 )( W F) 
(1^ + (HCR)( m H))( R 7) 


306 


2940 , 


(39) 

(40) 

(41) 


where W H C» W c0 , W NOx 
W F 
MCO 


mass emissions of exhaust constituent, grams 
per hour 

mass flow rate of diesel fuel, grams per hour 
(453.6)(F) 

molecular weight of CO = 28.0 
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f 


1 


m no x 

MC 

m h 


= molecular weight of NC >2 = 46.0 

= molecular weight of carbon 
= molecular weight of hydrogen • 


The specific emissions were calculated on the basis of the corrected 
brake horsepower: 


S HC = 

W HC 

CBHP 

0.14 

(42) 

S C0 = 

w co 4 

CBHP 

0.69 

(43) 


W N0 X 


(44) 

S N0 X 

CBHP 

6.59 , 


where Sjjq, S^o. %0 x = specific emissions, grams per brake horsepower 

hour . 

Statistical Calculations 

During the Cummins engine tests, statistical procedures were used to 
evaluate the confidence in certain measured results and to assess the 
probable effect of the addition of water to the fuel. The performance of 
the statistical tests required that test procedures be repeated several 
times under the same conditions in order to provide suitable samples. 

As an example of the statistical techniques, two sets of test data 
will be considered. Table B-4 contains a list of all of the diesel fuel 
consumption rates observed for the Cummins engine with no water addition 
and with 20 percent water addition. Sample 1, for no water addition, was regarded 
as a sample of the entire population of test runs that could be performed 
at the specified engine setting without water addition. Similarly, Sample 2 
was considered to be representative of all of the test runs that might be 
conducted at the specified engine condition with 20 percent water addition. 

The mean of each sample was calculated according to the relationship 

ID 

X = - E X , (45) 

n i=i 
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TABLE B-4. POPULATION SAMPLES 



Diesel 

Fuel Flow Rates at 1200 RPM 

Cummins Engine Tests 

Sample 1 


Sample 2 

0% 

Water 


20% Water 

Run 

Fuel Rate 


Run Fuel Rate 

178 

54.72 


182 53.71 

188 

55.30 


192 53.04 

194 

54.43 


228 53.92 

224 

54.84 


242 53.80 

230 

55.04 


256 54.77 

238 

54.94 


Mean 53.85 

244 

55.58 


S 0.6184 

252 

56.01 


90% band 53.85 ± 0.5896 

258 

55.94 



Mean 

55.20 



S 

0.5482 



90% band 

55.20 ± 0. 

340 
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where X 

n 

x 


sample mean 

number of items in sample 

value of each fuel rate in the sample. 


The calculated mean value for each sample is shown in Table B-4. 

The standard deviation for each sample was calculated according to: 


S 



(46) 


where the individual terms are defined above. The standard deviation for 
each sample is also shown in Table B-4. 

One statistical test was applied to each sample as an individual entity. 
The Student's t-distribution was used to attach a confidence band to each 
sample mean. Values of the t-distribution are shown in Table B-5.^ 

For a desired confidence level, say 90 percent, it can be argued that the true 
population mean lies within the band defined by 


- g 

x 1 *0.95 (n-1) • (47) 

where the values of t are obtained from Table B-5. For the example 
data, the values of the upper and lower limits of the 90 percent confidence band 
are shown in Table B-4. Thus, it is possible to state with 90 percent con¬ 
fidence that the fuel rate for an additional test at 1200 rpm without water 
addition would lie between 54.86 and 55.54 pounds per hour. 

Since the effect of water addition is desired, it is also desirable 
to employ a test that compares the two samples. It is possible that the two 
samples selected are a part of the same population; in that case no definite 
statement could be made concerning the effect of water addition. The goal 
of the second statistical procedure is a confidence level for the statement 
that the means of the two populations (without and with water addition) are 
different. 

As a first step, it was assumed that the two population means were 
equal. The pooled standard deviation was calculated: 
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TABLE B-5. CUMULATIVE DISTRIBUTION 


V 

0.75 

0.80 

0.85 

0.90 

0.95 _ 

0.975 

0.995 

0.9995 

I 

1.0005 

1.376 

1.963 

3.078 

6.314 

12.706 

63.657 

636.619 

2 

0.816 

1.061 

1.386 

1.886 

2.920 

4.303 

8.925 

31.598 

3 

0.765 

0.978 

1.250 

1.638 

2.353 

3 . 182 

5.341 

12.941 

4 

0.741 

0.941 

1.190 

1.533 

2.132 

2.776 

4.604 

8.610 

5 

0.727 

0.920 

1.156 

1.476 

2.015 

2.571 

4.032 

6.859 

6 

0.718 

0.906 

1.134 

1.440 

1.943 

2.447 

3.707 

5.959 

7 

0 . 711 

0.896 

1.119 

1.415 

1 .895 

2.365 

3.499 

5.405 

8 

0.706 

0.889 

1.108 

1.397 

1.860 

2.306 

3.355 

5.041 

9 

0.703 

0.883 

1.100 

1.383 

1.833 

2.262 

3.250 

4.781 

10 

0.700 

0.879 

1.093 

1.372 

1.812 

2,228 

3.169 

4.587 

11 

0.697 

0.876 

1.088 

1.363 

1.796 

2.201 

3.106 

4.437 

12 

0.695 

0.873 

1.083 

1.356 

1.782 

2.179 

3.055 

4.318 

13 

0.694 

0.870 

1.079 

1.350 

1.771 

2.160 

3.012 

4.221 

14 

0.692 

0.868 

1.076 

1.345 

1.761 

2.145 

2.977 

4.140 

15 

0.691 

0.866 

1.074 

1.341 

1.753 

2.131 

2.947 

4.073 

16 

0.690 

0.366 

1.071 

1.337 

1.746 

2.120 

2.921 

4.015 

17 

0.689 

0.863 

1.069 

1.333 

1.740 

2.110 

2.898 

3.965 

18 

0.688 

0.862 

1.067 

1.330 

1.734 

2.101 

2.878 

3.922 

19 

0.688 

0.861 

1.066 

1.328 

1.729 

2.093 

2.861 

3.883 

20 

0.687 

0.860 

1.064 

1.325 

1.725 

2.086 

2.845 

3.850 

21 

0.686 

0.859 

1.063 

1.323 

1.721 

2.080 

2.831 

3.819 

22 

0.686 

0.858 

1.061 

1.321 

1.717 

2.074 

2.819 

3.792 

23 

0.685 

0.858 

1.060 

1.319 

1.714 

2.069 

2.807 

3.767 

24 

0.685 

0.857 

1.059 

1.318 

1 . 711 

2.064 

2.797 

3.745 

25 

0.684 

0.856 

1.058 

1 .316 

1.708 

2.060 

2.787 

3.725 

26 

0.684 

0.856 

1.058 

1.315 

1.706 

2.056 

2.779 

3.707 

27 

0.684 

0.855 

1.057 

1.314 

1.703 

2.052 

2.771 

3.690 

28 

0.683 

0.855 

1.056 

1.313 

1.701 

2.048 

2.763 

3.674 

29 

0.683 

0.854 

1.055 

1.311 

1.699 

2.045 

2.756 

3.659 

30 

0.683 

0.854 

1.055 

1.310 

1.697 

2.042 

2.750 

3.646 

35 

0.682 

0.852 

1.052 

1.306 

1.690 

2.030 

2.724 

3.591 

40 

0.681 

0.851 

1.050 

1.303 

1.684 

2.021 

2.704 

3.551 

45 

0.680 

1.048 

1.048 

1.301 

1.680 

2.014 

2.690 

3.520 

50 

0.680 

0.849 

1.047 

1.299 

1.676 

2.008 

2.678 

3.496 

55 

0.679 

0.849 

1.047 

1.297 

1.673 

2.004 

2.669 

3.476 

60 

0.679 

0.848 

1.046 

1.296 

1.671 

2.000 

2.660 

3.460 

70 

0.678 

0.847 

1.045 

1.294 

1.667 

1.994 

2.648 

3.435 

80 

0.678 

0.847 

1.044 

1.293 

1.665 

1.990 

2.638 

3.416 

90 

0.678 

0.846 

1.043 

1.291 

1.662 

1.987 

2.632 

3.402 

100 

0.677 

0.846 

1.042 

1.290 

1.661 

1.984 

2.626 

3.390 

200 

0.676 

0.844 

1.039 

1.286 

1.653 

1.972 

2.601 

3.340 

300 

0.676 

0.843 

1.038 

1.285 

1.650 

1.968 

2.592 

3.323 

400 

0.676 

0.843 

1.038 

1.284 

1.649 

1.966 

2.588 

3.315 

500 

0.676 

0.843 

1.037 

1.284 

1.684 

1.965 

2.586 

3.310 

1000 

0.675 

0.842 

1.037 

1.283 

1.647 

1.962 

2.581 

3.301 

CO 

0.67449 

0.84162 

1.03643 

1.28155 

1.64485 

1.95996 

2.57582 

3.29053 








where a is the probability of rejecting a true hypothesis, then the hypothesis 
of equal sample means can be rejected. For the present case, using Table B-5, 

T > t (.995)(12), 

and 

1 - | = 0.995, 

imply that a = 0.01. 

Thus, it is possible to state with 99 percent confidence that the two 
samples represent different populations and that significance can be attached 
to the difference between the means. 
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appendix c 
test results 





TABLE C-l. ENGINE TEST RESULTS, CUMMINS ENGINE 
900 RPM, BASELINE 


DYNAMOMETER CONSTANT: 3000 

API 

GRAVITY 

OF DIESEL FUEL: 

35.3 AT 

60F 


H/C RATIO: i.ya 








RUN NUMBER 


259. 

262. 

268. 

269. 

275. 

276. 

282. 

NOM. WATER PCT 


0 . 

0 . 

0 . 

0 . 

0. 

0 . 

0 . 

ENGINE SPEED 

RPM 

900 . 

900 . 

900 . 

900 . 

900 . 

900 . 

900 . 

OBS. TORQUE 

LB-FT 

257. 

257. 

257. 

257. 

257. 

257. 

257. 

BAR. PRESS. 

1N-HG 

28.95 

29.14 

29.12 

29.32 

29.25 

29.30 

29.21 

DRY BULB 

DEG F 

83. 

77. 

87. 

78. 

91. 

77. 

89. 

WET BULB 

DEG F 

69. 

66. 

66. 

66. 

68 

61 . 

65. 

REL. HUMIDITY 

PCT 

49. 

56. 

32. 

S3. 

30 . 

39 

26 

CORR . BHP 

HP 

44.9 

44.1 

44.8 

43.9 

44.8 

43.6 

44.6 

CORR BMEP 

PSI 

23.1 

22.7 

23.1 

22.6 

23.0 

22.5 

23 0 

FUEL FLOW 

LB/HR 

25.12 

25.11 

24.73 

25.52 

25.24 

24.70 

24.85 

WATER FLOW 

CC/MIN 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

CALC. VOL . X 

PCI . 

0 . 0 

0 . 0 

0 . 0 

0.0 

0 . 0 

0 0 

0 . 0 

BSFC 

LB/BHP-HR 

5590 

.5692 

.5516 

.5817 

.5635 

.5662 

.5570 

AIR FLOW 

LB/MIN 

26.1 

26.5 

26.0 

26.3 

26.1 

26.6 

26 1 

COOLANT IN 

DEG F 

183 . 

174. 

179. 

179. 

181 . 

178 

176. 

COOLANT OUT 

DEG F 

18B . 

184 

185. 

185. 

186. 

184 

183 

OIL SUMP 

DEG F 

194 

188 . 

193. 

192. 

193. 

189. 

191 . 

FUEL IN 

DEG F 

90 . 

90 . 

93 

89. 

95. 

92. 

92. 

FUEL RETURN 

DEG F 

137. 

135. 

151 . 

143. 

150 . 

142. 

145. 

FUEL SUPPLY 

DEG F 

ill . 

106. 

108. 

104. 

107. 

104. 

107 

FUEL COOLER 

DEG F 

87. 

90 . 

91. 

88. 

95. 

95. 

90 . 

INTAKE AIR 

DEG F 

83. 

75. 

90 . 

76 

92. 

75. 

90 

TURB. INLET <L >DEG F 

4S7 . 

450 . 

467. 

448. 

464. 

447. 

464 . 

TUkB. INLET (R)DEG F 

480 . 

471 . 

482. 

468. 

482. 

464. 

478 

COMP. OUT <L> 

DEG F 

101 . 

92. 

107. 

93. 

110 . 

92. 

107 

COMP. OUT <R) 

DEG F 

104. 

97. 

112. 

93. 

110 . 

95. 

107. 

CHARGE AIR (L) 

DEG F 

174 

168. 

174. 

172. 

176. 

170 . 

172. 

CHARGE AIR <R) 

DEG F 

177. 

170 . 

176. 

174. 

177. 

173. 

174. 

EXH. STACK (R) 

DEG F 

444. 

435. 

446 

433. 

445 

430 . 

441 

EXH. STACK <L> 

DEG F 

425. 

419. 

434. 

416. 

431 . 

415. 

430 . 

WATER INLET 

DEG F 

91 

84. 

93 

83. 

97. 

80 

97. 

CELL AIR 

DEG F 

80 

77 

90 . 

80 . 

92. 

78 . 

90 

EXHAUST 1R 

DEG F 

559. 

553. 

561 . 

5S5 . 

560. 

551 . 

5S7 . 

EXHAUST 2R 

DEG F 

433 

429. 

442. 

434. 

445. 

426. 

431 . 

EXHAUST 3R 

DEG F 

439. 

421 . 

438. 

427. 

427. 

419 

422. 

EXHAUST 4R 

DEG F 

513. 

566. 

509. 

508. 

511 . 

502. 

510 . 

EXHAUST SR 

DEG F 

486 

480. 

489 

483. 

491 . 

479. 

497 

EXHAUST 6R 

DEG F 

534 

527. 

545. 

532. 

541 

538. 

540 . 

EXHAUST 1L 

DEG F 

458. 

450 . 

465. 

457. 

460 

457. 

463 

EXHAUST 2L 

DEG F 

529. 

534. 

540 

530 

529. 

535. 

537 

EXHAUST 3L 

DEG F 

435. 

427. 

443 . 

427. 

43y . 

429 

458 

EXHAUST 4L 

DEG F 

440 . 

426. 

439 

428. 

443 

432. 

439. 

EXHAUST SL 

DEG F 

551 

550 . 

566 

551 . 

549. 

546 

558 

EXHAUST 6L 

DEG F 

472 . 

466 

490 . 

471 . 

486 

479. 

488. 

OIL PRESSURE 

PSI 

48. 

50 . 

48. 

48. 

48 

50 . 

49 . 

RAIL PRESSURE 

PSI 

5.0 

6.0 

6.0 

6 0 

6.0 

6.0 

6.0 

BOOST <R) 

PSI 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

BOOST < L) 

PSI 

1.0 

. 9 

1 . 0 

1.5 

1.5 

1.5 

1 . 0 

INLET VAC. (R) 

IN-H20 

2.2 

2.2 

2.2 

2.1 

1 . 0 

2.1 

2.2 

EXH. PRESS. (R)PSI 

0 0 

0 .0 

0 . 0 

0 0 

0 . 0 

0 . 0 

0.0 

EXH. PRESS. (L)PSI 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

TUkB. IN. < R) 

IN-HG 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

TURB. IN. < L) 

IN-HG 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

FUEL PRESS. 

PSI 

20 . 

20 . 

20 . 

20 . 

20 . 

20 . 

20 . 

EMULSION PRESS 

PSI 

100 . 

100 . 

100 . 

100 . 

100 . 

100 . 

100 

FUEL SUPPLY 

PSI 

3 . 

3. 

3. 

2. 

3. 

3. 

3. 

WATER PRESS. 

PSI 

0 . 

0 . 

n 

0 . 

0 . 

0 . 

0 




TABLE C-2. ENGINE TEST RESULTS, CUMMINS ENGINE 
900 RPM, 5% WATER 


I 

DYNAMOMETER CONSTANT- 3000 API GRAVITY OF DIESEL FUEL: 35 3 AT 60F 

H/C RATIO: 1.78 


RUN NUMBER 


260 . 

263. 

270 . 

277. 

NOM. WATER PCI 


S . 

5 . 

8 . 

5 

ENGINE SPEED 

RPM 

900 

900 . 

900 

900 

OBS. TORQUE 

LB-FT 

2S7. 

257 . 

257 

88 7 

BAR. PRESS. 

1N-HG 

28 90 

29.15 

29.34 

29 31 

DRY BULB 

DEG F 

as. 

77. 

78 . 

77. 

WET BULB 

DEG F 

70 . 

66. 

66 . 

61 

REL. HUMIDITY 

PCT 

47. 

56. 

S3. 

39 

CORR BHP 

HP 

45.3 

44.3 

44.1 

43 8 

CORR. BMEP 

PSI 

23.3 

22.8 

22 7 

88 5 

FUEL FLOW 

LB/HR 

24.82 

25.06 

24 89 

24.73 

WATER FLOW 

CC/MIN 

ii .5 

10.5 

il l 

1.0 5 

CALC. VOL. X 

PCT . 

4.9 

4.4 

4.7 

4 5 

BSFC 

LB/BHP-HR 

. 5483 

5652 

. 5646 

56 47 

AIR FLOW 

LB/MIN 

25 6 

26.2 

26.4 

26.4 

COOLANT IN 

DEG F 

182. 

179. 

179 

177 

COOLANT OUT 

DEG F 

187. 

185. 

184 . 

184 

OIL SUMP 

DEG F 

194 . 

191 . 

192 . 

190 

FUEL IN 

DEG F 

99. 

99 

92 

92 

FUEL RETURN 

DEG F 

151 . 

147. 

146 . 

1.45 . 

FUEL SUPPLY 

DEG F 

114 . 

109 

107. 

107 

FUEL COOLER 

DEG F 

96. 

90 . 

91 

90 

INTAKE AIR 

DEG F 

87. 

79. 

80 . 

78. 

TURB. INLET <L)DEG F 

448 

458. 

448 . 

448 

TURB. INLET <R)DEG F 

467 

476. 

469. 

466. 

COMP. OUT (L) 

DEG F 

104. 

96. 

97 . 

95 

COMP. OUT ( R) 

DEG F 

107. 

98. 

97 

95 

CHARGE AIR <L> 

DEG F 

174. 

172. 

173. 

1.71 . 

CHARGE AIR (R) 

DEC F 

177. 

175 

175. 

174 . 

EXH. STACK (R > 

DEG F 

434. 

440 . 

434 . 

433 . 

EXH. STACK <L) 

DEG F 

419. 

425 

416 

417 

WATER INLET 

DEG F 

94 

as 

84 . 

§4 

CELL AIR 

DEG F 

86. 

SO . 

81 . 

79 . 

EXHAUST iR 

DEG F 

563. 

560 . 

548 

849 . 

EXHAUST PR 

DEG F 

435. 

433 . 

430 

424 . 

EXHAUST 3R 

DEG F 

430 . 

429 . 

426 

419 

EXHAUST 4R 

DEG F 

497 . 

499 

491 . 

495 . 

EXHAUST SR 

DEG F 

471 . 

484 . 

470 . 

477 . 

EXHAUST 6R 

DEG F 

540 . 

530 

526 

527 . 

EXHAUST 1L 

DEG F 

464. 

466 . 

454 . 

481 

EXHAUST 2L 

DEG F 

533 . 

535. 

525. 

S28 

EXHAUST 3L 

DEG F 

432. 

436. 

430 . 

433 . 

EXHAUST 4L 

DEG F 

425. 

431 . 

425 . 

426 

EXHAUST SL 

DEG F 

545. 

533. 

536 . 

533 . 

EXHAUST 6L 

DEG F 

475. 

473 

471 

468 . 

OIL PRESSURE 

PSI 

48 . 

48 . 

48 . 

49. 

RAIL PRESSURE 

PSI 

6 0 

6.0 

6 0 

6 . | 

BOOST (R) 

PSI 

. 5 

5 

. 5 


BOOST (L) 

PSI 

1.2 

1 . 0 

1.5 

1 . 1 

INLET VAC. <R> 

IN-H20 

2.8 

2.2 

2.2 

Z . i 

EXH. PRESS. (R)PSI 

0.0 

0 . 0 

0 . 0 

0 

EXH. PRESS. (L)PSI 

0 . 0 

0 . 0 

0 . 0 

0 

TURB. IN. <R> 

1N-HG 

0 0 

0 . 0 

0 . 0 

0 

TURB. IN. (L) 

IN-HG 

0 . 0 

0 . 0 

0 . 0 

0 . 

FUEL PRESS. 

PSI 

20 . 

20 . 

20 . 

20 . 

EMULSION PRESS. 

PSI 

100 . 

100 

100 

too 

FUEL SUPPLY 

PSI 

2 . 

3 . 

3 . 

3 . 

WATER PRESS. 

PSI 

60 . 

60 

60 

60 . 


100 




TABLE C-3. ENGINE TEST RESULTS, CUMMINS ENGINE, 
900 RPM, 10% WATER 


DYNAMOMETER CONSTANT: 3000 
H/C RATIO. 1.78 

API 

GRAVITY 

OF DIESEL 

FUEL: 

RUN NUMBER 


261 . 

264. 

271. 

278. 

NOM. WATER PCT 


10 . 

10 . 

10 . 

10 . 

ENGINE SPEED 

RPM 

900 . 

900 . 

900 . 

900 . 

OBS. TORQUE 

LB-FT 

257. 

257. 

257. 

257. 

BAR. PRESS. 

IN-HG 

28.89 

29.15 

29.35 

29.32 

DRY BULB 

DEG F 

85. 

82. 

82. 

80 . 

WET BULB 

DEG F 

70 . 

66. 

67. 

64. 

REL. HUMIDITY 

PCT 

48. 

43 . 

46. 

41 . 

CORR. BMP 

HP 

45.4 

44.5 

44.2 

44.0 

CORR. BMEP 

PSI 

23.4 

22.9 

22.7 

22.6 

FUEL FLOW 

LB/HR 

24.87 

25.03 

25.31 

24.89 

WATER FLOW 

CC/MIN 

17.3 

19.7 

19.7 

19.7 

CALC. VOL. % 

PCT . 

7.1 

8.0 

7.9 

.8 1 

BSFC 

LB/BHP-HR 

.5479 

.5627 

.5731 

. 5660 

AIR FLOW 

LB/MIN 

25.6 

26.2 

26.2 

26.6 

COOLANT IN 

DEG F 

184. 

178. 

179. 

174 

COOLANT OUT 

DEG F 

189. 

184. 

184. 

180 . 

OIL SUMP 

DEG F 

195 . 

191. 

192. 

187. 

FUEL IN 

DEG F 

102. 

92. 

94. 

93. 

FUEL RETURN 

DEG F 

155. 

Ill. 

148. 

146. 

FUEL SUPPLY 

DEG F 

114. 

147. 

ill . 

109. 

FUEL COOLER 

DEG F 

101 . 

90 . 

92. 

92. 

INTAKE AIR 

DEG F 

89. 

83. 

82. 

80 . 

TURB. INLET (L)DEG F 

442. 

445. 

440 . 

439. 

TURB. INLET (R)DEG F 

467. 

463. 

461 . 

457. 

COMP. OUT (L) 

DEG F 

106. 

99. 

99. 

96. 

COMP. OUT < R > 

DEG F 

110 . 

104. 

99 

96. 

CHARGE AIR (L) 

DEG F 

176. 

172. 

173. 

168. 

CHARGE AIR <R> 

DEG F 

178. 

174. 

175. 

171 . 

EXH. STACK (R) 

DEG F 

433. 

430 . 

427. 

424. 

EXH. STACK < L) 

DEG F 

412. 

415. 

409. 

408. 

WATER INLET 

DEG F 

92. 

86. 

84. 

82. 

CELL AIR 

DEG F 

88. 

81. 

83. 

80 

EXHAUST 1R 

DEG F 

551. 

550 . 

544. 

538 

EXHAUST 2R 

DEG F 

438. 

434. 

427. 

425. 

EXHAUST 3R 

DEG F 

417. 

423. 

421 . 

413. 

EXHAUST 4R 

DEG F 

494 . 

496. 

492. 

489. 

EXHAUST SR 

DEG F 

475. 

470 . 

465. 

474 . 

EXHAUST 6R 

DEG F 

527 . 

523. 

521 . 

516. 

EXHAUST 1L 

DEG F 

466. 

464 . 

460 . 

454 . 

EXHAUST 2L 

DEG F 

515. 

524. 

519. 

519. 

EXHAUST 3L 

DEG F 

425. 

432. 

426. 

420 . 

EXHAUST 41 

DEG F 

414. 

429. 

421 . 

418. 

EXHAUST 5L 

DEG F 

535. 

531 . 

528 . 

530 . 

EXHAUST 6L 

DEG F 

470 . 

462. 

464. 

463 

OIL PRESSURE 

PSI 

47. 

49 

48. 

50 . 

RAIL PRESSURE 

PSI 

7.0 

7.0 

7.0 

7.0 

BOOST (R) 

PSI 

.5 

.5 

.5 

.5 

BOOST < L) 

PSI 

1.2 

1 0 

1 5 

1.5 

INLET VAC. <R) 

IN-H20 

2.3 

2.2 

2.2 

2.2 

EXH. PRESS. (R)PSI 

0 . 0 

0 0 

0 . 0 

o 8 

EXH. PRESS. <L)PSI 

0 . 0 

0 . 0 

0 . 0 

0.0 

TURB. IN. <R) 

IN-HG 

0.0 

0 . 0 

0.0 

0.0 

TURB. IN. (L) 
FUEL PRESS, 
EMULSION PrtESS. 

IN-HG 

PSI 

PSI 

0.0 

io8. 

0 . 0 
i&T 

0 . 0 
JS: 

0.0 
i(f8. 

FUEL SUPPLY 

PSI 

2. 

3. 

3. 

3. 

WATER PRESS. 

PSI 

so. 

60 . 

60 . 

60 . 


101 






TABLE C-4. ENGINE TEST RESULTS, CUMMINS ENGINE, 
900 RPM, 15% WATER 


DYNAMOMETER CONSTANT = 30 0 0 
H/C RATIO= 1.78 

RUN NUMBER 
NOM. WATER PCT. 


ENGINE SPEED RPM 
OBS. TORQUE LB-FT 


BAR. PRESS. IN-HG 

.DRY BULB DEG F 

WEI BULB DEG F 

REL. HUMIDITY PCT 

CORK BHP HP 

CORR. BMEP PSI 


API GRAVITY OF DIESEL FUEL: 35.3 AT 60F 


FUEL FLOW 
WATER FLOW 
CALC. VOL. X 
BSFC 

AIR FLOW 


COOLANT IN 
COOLANT OUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INTAKE AIR 
TURB. INLET <L 
TURB. INLET <R 
COMP. OUT <L> 
COMP. OUT (R) 
CHARGE AIR (L) 
CHARGE AIR <R> 
EXH. STACK <R) 
EXH. STACK <L> 
WATER INLET 
CELL AIR 
EXHAUST iR 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST 5R 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST 5L 
EXHAUST 6L 


LB/HR 
CC/MIN 
PCT . 

LB/BHP-HR 

LB/MIN 


DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
>D£G F 
>DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 


OIL PRESSURE PSI 
RAIL PRESSURE PSI 
BOOST <R> PSI 

BOOST <L) PSI 

INLET VAC. <R> IN-H20 

EXH. PRESS. <R)PSI 
EXH. PRESS. <L)PSI 
1URB. IN. < R > IN-HG 
TURB. IN. <L) IN-HG 
FUEL PRESS. PSI 
EMULSION PRESS.PSI 
FUEL SUPPLY PSI 

WATER PRESS. PSI 


265 . 

272. 

279 . 

15. 

15. 

15 . 

900 . 

900 . 

900. 

257 . 

257. 

257 

29.15 

29.34 

29.30 

83 . 

87. 

84. 

67. 

68. 

66. 

43. 

37. 

38 . 

44.6 

44.4 

44.3 

22.9 

22.8 

22.8 

24.50 

24.29 

24.46 

33.8 

33.8 

33.8 

13.2 

13.3 

13.2 

.5498 

.5474 

. 5S26 

26.1 

26.3 

26.3 

179 . 

180 . 

178. 

185. 

185. 

184. 

192. 

192. 

190 . 

92. 

97. 

99. 

112. 

150 . 

152. 

149. 

112. 

109. 

90 . 

95. 

97 . 

84 . 

86. 

84 . 

440 . 

435. 

435. 

459. 

457. 

455. 

100 . 

102. 

100 . 

105. 

102. 

100 . 

174. 

174. 

173. 

176 . 

176. 

175. 

425. 

424. 

423 . 

409. 

406 

406 

88. 

89. 

86 . 

83. 

86 

85. 

540 . 

538. 

537. 

429. 

427. 

427 

420 

416. 

415. 

491 . 

489. 

4bB. 

467. 

471 . 

470 . 

514 . 

519 

517 . 

463. 

458 

457 . 

511 . 

508. 

510 

419. 

417. 

420 . 

425 . 

421 

423 

530 . 

526. 

529 . 

455. 

461 . 

464 

48. 

48 

49. 

7.0 

7.0 

7 . 
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TABLE C-5. ENGINE TEST RESULTS, CUMMINS ENGINE, 
900 RPM, 20% WATER 


DYNAMOMETER CONSTANT: 3000 
H/C RATIO: 1.78 

RUN NUMBER 
NOM. WATER PCT. 


ENGINE SPEED 
OBS. TORQUE 


BAR. PRESS. 
DRY BULB 
WET BULB 
REL. HUMIDITY 
CUNR. BHP 
CORR. BMEP 


FUEL FLOW 
WATER FLOW 
CALC. VOL. X 
BSFC 

AIR FLOW 


COOLANT IN 
COOLANT OUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INTAKE AIR 
TURB. INLET (L 
TURB. INLET (R 
COMP. OUT <L.) 
COMP. OUT (R> 
CHARGE AIR (L) 
CHARGE AIR <R> 
EXH. STACK < R) 
EXH. STACK <L) 
WATER INLET 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST SR 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST 3L 
EXHAUST 6L 


RPM 

LB-FT 


IN-HG 
DEG F 
DEG F 
PCT 
HP 
PSI 


LB/HR 

CC/MIN 

PCT. 

LB/BHP-HR 

LB/MIN 


DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
)DEG F 
>DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 


OIL PRESSURE PSI 
RAIL PRESSURE PSI 


BOOST < R) 
BOOST <L> 
INLET VAC. <R 
EXH. PRESS. < 
EXH. PRESS. < 
TURB. IN. <R> 
TURB. IN. (L) 


PSI 

PSI 

<R) IN-H20 
(R)PSI 
<L)PSI 
R) IN-HG 
L) IN-HG 


FUEL PRESS. PSI 
EMULSION PRESS.PSI 
FUEL SUPPLY PSI 
WATER PRESS. PSI 


API GRAVITY OF DIESEL FUEL: 35.3 AT 60F 


266. 273. 

20 . 20 . 


29 s * 4 


24.45 
49.8 
IB.4 
.5469 
25.7 


29.^2 


24.81 

49.8 

18.1 

.5573 

26.2 


24.68 

49.8 

18.2 

.5565 

26.2 


0 . 0 
20 . 
100 . 
3. 
60. 
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TABLE C-6. ENGINE TEST RESULTS, CUMMINS ENGINE 
900 RPM, 25% WATER 


DYNAMOMETER CONSTANT = 

30 0 0 

API 

H/C RATIO: i 78 




RUN NUMBER 




267. 

NOM WAIER PCT 




2S . 

tNGINE SPEED 

RPM 



90 0. 

OPS. TORQUE 

LB -FT 


2S7 . 

BAR. PRESS 

IN-I 

HG 


29.13 

DRY BULB 

DEG 

F 


87 . 

WEI BULB 

DEC 

F 


66. 

REL. HUMIDITY 

PCT 



32 . 

CURR. BHP 

HP 



44 7 

CORR BMEP 

PSI 



23.0 

FUEL FLOW 

LB/HR 


2S. 16 

WATER FLOW 

CC/MIN 


66.4 

CALC. VOL. % 

PCI 



22.6 

BSFC 

LB/BHP- 

■HR 

. S628 

AIR FLOW 

LB/MIN 


26 0 

COOLANT IN 

DEG 

F 


183. 

COOLANT OUT 

DEG 

F 


188. 

OIL SUMP 

DEG 

F 


194. 

FUEL IN 

DEG 

F 


95. 

FUEL RETURN 

DEG 

F 


1S4. 

FUEL SUPPLY 

DEG 

F 


112. 

FUEL COOLER 

DEG 

F 


93. 

INTAKE AIR 

DEG 

F 


88. 

TURB. INLET (L)DEG 

F 


428. 

TURB. INLET <R)DEG 

F 


443. 

COMP. OUT (L) 

DEG 

F 


10S. 

COMP. OUT (R > 

DEG 

F 


no. 

CHARGE AIR <L> 

DEG 

F 


176 

CHARGE AIR <R> 

DEG 

F 


178. 

EXH. STACK < R ) 

DEG 

F 


41.1 . 

EXH. STACK (L) 

DEG 

F 


400 . 

WATER INLET 

DEG 

F 


89. 

CELL AIR 

DEG 

F 


88. 

EXHAUST 1R 

DEG 

F 


507 . 

EXHAUST 2R 

DEG 

F 


406. 

EXHAUST 3R 

DEG 

F 


412. 

EXHAUST 4R 

DEG 

F 


473. 

EXHAUST SR 

DEG 

F 


450 . 

EXHAUST SR 

DEG 

F 


495 . 

EXHAUST 1L 

DEG 

F 


450 . 

EXHAUST 2L 

DEG 

F 


483 . 

EXHAUST 31. 

DEG 

F 


411 . 

EXHAUST 4L 

DEG 

F 


411 . 

EXHAUST SL 

DEG 

F 


496 . 

EXHAUST 6L 

DEG 

F 


432. 

OIL PRESSURE 

PSI 



48 . 

RAIL PRESSURE 

PSI 



8.0 

BOOST (R) 

PSI 



.5 

BOOST <L> 

PSI 



.9 

INLET VAC. (R > 

IN-H20 


2.2 

EXH. PRESS. <R ) PSI 



0 . 0 

EXH. PRESS. (L>PSI 



0 . 0 

1URB. IN. < R ) 

IN-HG 


0 . 0 

TURB. IN. (L) 

IN-HG 


0 . 0 

FUEL PRESS. 

PSI 



20 . 

EMULSION PRESS. 

PSI 



100 . 

FUEL SUPPLY 

PSI 



3 . 

WATER PRESS. 

PSI 



60 . 


GRAVITY 0F DIESEL FUEL: 3S.3 AT 60F 


274. 

281 . 

25. 

25. 

900 . 

900 . 

257 

257. 

29.29 

29.25 

90 . 

88. 

69. 

65. 

34 . 

28. 

44.7 

44.5 

23.0 

22.9 

24.84 

24.73 

66 4 

66.4 

22.7 

22.9 

. 5560 

. 8562 

26.2 

26.1 

181 . 

176. 

187. 

182 

193. 

189 . 

100 

95 

155 . 

151 . 

114. 

113 

100 . 

94. 

90 . 

88 

426. 

421 . 

445 

440 

107 

104 . 

107 . 

104. 

176. 

172 

178. 

174. 

412. 

407. 

398 . 

393 

90 . 

88. 

90 . 

88 

510 . 

S09. 

403 . 

396 . 

411 . 

406. 

481 . 

473. 

461 . 

460 

499. 

492. 

450 . 

446. 

481 . 

477. 

412. 

410 . 

413. 

409 . 

503. 

491 . 

439. 

432. 

48 . 

50 . 

9.0 

8.0 

.5 

. 5 

1.5 

1.5 

2.2 

2 2 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 . 0 

0 . 0 

0 . 0 

20 . 

20 . 

100 

0 . 

3. 

3. 

60. 

60 . 


104 






TABLE C-7. ENGINE TEST RESULTS, CUMMINS ENGINE 
1200 RPM, BASELINE 


DYNAMOMETER CONSTANT: 3000 API GRAVITY OP DIESEL FUEL: 35.3 AT OOF 
H/C RATIO 1 78 


RUN NUMBER 


17S . 

188 

194 

224. 

230 

238 

244 

252 

258. 

NOM WATER PCT 

RPM 

LB-FT 

0 . 

0 

1200 . 
508 

0 . 

0 

1200 

506 

0 

1200 . 
506 

0 . 

1200. 

508 

0 . 

1200 

508. 

0 

1200. 

508. 

0 

1200. 

508 

29,10 
6l . 

ENGINE SPEED 
DBS TORQUE 

‘ftt: 

1200 . 
S08 . 

BAR PRESS 

DRY BULB 

i|?¥ 

29 7l 3 

29 A' 

29.17 

81 

29 aS 3 

29.03 

89 

28.95 

86 

2 i0o 2 

29.01 

82. 

WET BULB 

DEG F 

63 

68 

72 

76. 

76. 

76 

70 

77 

74. 

REL. HUMIDITY 

PCT 

43 

78 

65. 

76. 

55. 

63. 

38 

80 . 

72. 

CURR BHP 

HP 

115.4 

116.2 

117 5 

116.9 

119 9 

119.8 

121 6 

119.4 

117.8 

CORR BMEP 

PSI 

44.6 

44.8 

45.4 

45.9 

46 3 

46 2 

46.9 

46.1 

45.5 

FUEL FLOW 

LB/HR 

54.72 

55 30 

54 43 

54.84 

55.04 

54.94 

55 58 

56.01 

55.94 

WATER FLOW 

CC/MIN 

0.0 

0 . 0 

0.0 

0 0 

0 . 0 

0.0 

0.0 

0 . 0 

0.0 

CALC. VOL X 

PCT . 

0 . 0 

0.0 

0.0 

0 . 0 

0 . 0 

0 . 0 

0.0 

0.0 

0 0 

BSFC 

LB/BHP-HR 

4740 

4761 

.4631 

.4613 

.4509 

. 4S86 

.4570 

.4689 

4/48 

AIR FLOW 

LB/MIN 

38 4 

38.0 

37.3 

36.5 

36.8 

37.3 

36.7 

36.9 

37.3 

STOICH. F/A 


0691 

.0691 

. 0691 

0691 

.0691 

.0691 

.0691 

. 0691 

0691 

MEAS. F/A 


0237 

0242 

0243 

0250 

. 0249 

. 0245 

.0252 

.0253 

0250 

CALC F/A 


0256 

. 0248 

0250 

.0246 

.0245 

.0250 

.0255 

0235 

. 0252 

X DIFF. 

PCT 

8 07 

2.37 

2.74 

-1 67 

-1.80 

2.07 

1.18 

-7.14 

61 

COOLANT IN 

DEG F 

169 

172 

173. 

176. 

177. 

174 

170. 

176. 

1/7 

COOLANT OUT 

gfc c f f 

180 

181. 

182. 

185. 

185 

183. 

180 

184. 

185. 

OIL SUMP 

194 

194 

197. 

198. 

200 . 

19S. 

195 

198. 

199. 

FUEL IN 

DEG F 

93. 

92 

95. 

100 . 

103. 

99. 

103. 

102 . 

96. 

FUEL RETURN 

DEG F 

147. 

149. 

152. 

149. 

1S2. 

149 

150. 

149. 

150 

FUEL SUPPLY 

DEG F 

91 . 

94. 

102. 

102. 

109. 

104. 

109. 

103 

95. 

FUEL COOLER 

DEG F 

90 . 

90 

91. 

96 

96. 

96 

98 

99. 

94 . 

INTAKE AIR 

DEG F 

79. 

72. 

81 

82. 

91. 

07 

100 

84 

79 

TURB INLET (L)DEG K 

649 

629. 

637. 

663. 

658. 

658 

677 

664. 

657 

TURB INLET (R)DEG F 

639. 

657. 

660. 

655 

684. 

658. 

657 

659 

682 

COMP OUT < L) 

DEG F 

112. 

106. 

112. 

113. 

123 

110 

131. 

114. 

111 

COMP. OUT <R) 

DEG F 

Ill . 

105 

112. 

112. 

122. 

118 

131 

114 

111 

CHARGE AIR <L> 

DEC F 

167. 

168 

169. 

170. 

172 

169. 

169 

170. 

1/1 . 

CHARGE AIR <R> 

DEG F 

168 

169. 

170 . 

172. 

174. 

170 . 

170. 

171 . 

173 

EXH. STACK <R> 

DEG F 

584. 

599 

601 . 

598. 

622 

600 

604 

603. 

620 

EXH STACK (L) 

DEG F 

594. 

574. 

579 

605. 

599 

599. 

621 

605. 


WATER INLET 

DEG F 

81 

75 

86 

86 

94 

87. 

103. 

85. 

CELL AIR 

DEG F 

78. 

76. 

80. 

8b 

92 

90 

101 

87 

80 . 

EXHAUST 1R 

DEG F 

662. 

713. 

701 . 

711 . 

715 

709. 

698. 

706. 

/14. 

EXHAUST 2R 

DEG F 

509. 

598. 

568. 

563. 

501 

568 

563 

585 

ul 

EXHAUST 3R 

DEG F 

607 . 

60 0 . 

621 

588. 

627 

614. 

618. 

608. 

EXHAUST 4R 

DEG F 

677. 

669 

680 . 

662 

6V0 . 

680 

679 

704 

692 

EXHAUST SR 

DEG F 

DEG F 

642. 

654 

661 . 

653. 

671 

643. 

633. 

657. 

653 

EXHAUST 6R 

698. 

711 . 

715. 

709. 

735 

704. 

692. 

703. 

711 

EXHAUST 1L 

DEG F 

663. 

655. 

632. 

690. 

6S3. 

670 . 

689 

674 

657. 

EXHAUST 2L 

DEG F 

715. 

678 

655. 

692. 

666 

712. 

697 

706 

701. 

EXHAUST 3L 

DEG F 

613. 

601. 

623. 

621. 

642. 

616. 

643. 

630 . 

620 . 

EXHAUST 4L 

DEG F 

627. 

618. 

626. 

640 . 

633. 

626. 

644. 

645 

628 

EXHAUST SL 

DEG F 

714 

639. 

670 . 

709. 

680 . 

714. 

720 

706 

716. 

EXHAUST 6L 

DEG F 

680 

679 

690 

683. 

702. 

689. 

701. 

694 

0 . 

OIL PRESSURE 

PSI 

65. 

66. 

64 

64. 

64. 

66 

66. 

65. 

64. 

RAIL PRESSURE 

PSI 

14.9 

149 0 

15.0 

15.0 

15. 

15.0 

15.0 

15.0 

15.0 

BOOST <R> 

PSI 

1 8 

1 8 

1.8 

1.8 

IT 

1.8 

18 

1.8 

1.8 

BOOST (L > 

PSI 

2.6 

2 5 

2.5 

2 5 

2 i 

2.5 

2.5 

2.4 

i 0 

INLET VAC. <R> 

IN-H20 

3 6 

3 8 

3.9 

4.2 

4. 

4 5 

4.8 

5.0 

5.4 

EXH PRESS. <R)PSI 

. i 

1 

.1 

0 0 

0 . 

0.0 

0 . 0 

0 . 0 

. J 

EXH. PRESS. (L)PSI 

TURt. IH < R) IN-HC 

. 1 
2.5 

. 1 

2 5 

. 1 
2.5 

. 1 
2.5 

. 

2 f 

1:1 

Si 

? 1 


TURB. IN. <L> 

IN-HG 

1.4 

1 . 4 

1.5 

t .5 

1.5 1.4 

1.5 

i . 5 

i ft: 

FUEL PRESS. 

PSI 

18 

21 

20 . 

20 

20. 

zo. 

20. 

20 

EMULSION PRESS 

PSI 

100 . 

too 

100 . 

100 . 

100 . 

100. 

100 . 

100 . 

FUEL SUPPLY 
WATER PRESS 

PSI 

2 

2. 

2. 

2. 

2. 

2. 

2. 

2 


PSI 

0 . 

0 . 

0 . 

5 S3. 

0 . 

0. 

iff: 

0 . 

IIS 

0 . 

m 

0 

5 

*51 

HYDROCARBONS ppmc 

CARBON MONOXIDEPPM 

4?l. 

2?2. 

2?1 

23$. 

^MeB^Idesp^S 

m 

US: 

ill: 

213. 

234. 

if?: 

SI?: 

ill: 


m 

CARBON DIOXIDE 

PCT 

5.4 

5 3 

5 3 

5.3 

5 2 

S3 

5 5 

5.0 

5 4 

OXYGEN 

PCT 

14.3 

15.8 

15.8 

11.6 

9.9 

13? 

IS 6 

13 6 

15.2 

SMOKE OPACITY 

PCT 

7.5 

Si 

8 7 

9.6 

12 5 

10.2 

10.5 

?.S 

10.5 


HC MA88 

m 

BBCO 

BSNO 


GM-MR 


26.049 


58.433 



3799 


50.097 

mil 

i m 

3.4504 


37.212 

sh.-k 

3 2009 


29 219 

4.13? I 

3 0272 






TABLE C-8. ENGINE TEST RESULTS, CUMMINS ENGINE, 
1200 RPM, 5% WATER 


DYNAMOMETER CONSTANT: 
H/C RATIO: 1.78 


RUN NUMBER 
NOM MATER PCT 


ENGINE SPEED 
OBS TORQUE 


BAR PRESS 
DRY BULB 
WET BULB 
REL HUMIDITY 
CURR. BHP 
CORR. BMEP 


FUEL FLOW 
MATER FLOM 
CALC UOL * 
BSFC 

AIR FLOM 


3000 


API GRAVITY OF DIESEL FUEL 35.3 AT EOF 


STOICH. F/A 
MEAS. F/A 
CALC F/A 
2 DIFF. 



179 

189 

225 

239 

253 


5. 

5 

5 

S 

5 

RPM 

1200 

1200 

1200 

120 0 

1200 

LB-FT 

508. 

508. 

508 

508 

508 

IN-HG 

29.32 

29.14 

29 04 

28 97 

29 02 

DEG F 

78 

73 

82. 

86 

82 

DEG F 

63. 

68 

76 

76 

77 

PCT 

43 

78. 

76 

63. 

80 

HP 

115.6 

116.2 

118 7 

120 0 

119 5 

PSI 

44.6 

44 8 

45 8 

46 3 

46 1 

LB/HR 

54.66 

54.55 

54.86 

54 48 

55 53 

CC/hIN 

23 7 

23.7 

2S 0 

23.7 

18 5 

PCT 

4.6 

4 6 

4.8 

4 6 

3 5 

LB/BHP-HR 

4727 

4694 

4622 

4539 

4645 

LB/MTN 

38.4 

38 0 

35 7 

37 1 

36 9 


0691 

0691 

0691 

0691 

0691 


0237 

0240 

0256 

0245 

0251 


0252 

. 0246 

0244 

. 0250 

0245 

PCT 

6.05 

2 61 

-4 78 

2 34 

-2 35 


COOLANT IN 
COOLANT OUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INTAKE AIR 
TURB. INLET <L 
TURB. INLET (R 
COMP. OUT <L> 
COMP OUT <R> 
CHARGE AIR (L > 
CHARGE AIR (R) 
EXH STACK (R) 
EXH STACK <L> 
MATER INLET 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST 5R 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST SL 
EXHAUST 6L 


DEC 
DEG 
DEC 
DEG 
DEG 
DEG 
DEG 
DEG 
) DEG 
>DEG 
DEG 


DEG F 


DEC 

DEG 

DEG 

DEG 

DEG 

DEG 

DEG 

DEG 

DEG 

DEG 

D dI l g 

DEG 

DEG 

DEG 

DEG 

DEG 

DEG 


OIL. PRESSURE 
KAIL PRESSURE 
BOOST (R > 

BOOST <L> 

INLET VAC. (R) 
EXH PRESS <R 
EXH. PRESS < L 
1URB. IN. (R) 
TURB. IN <L> 
FUEL PRESS. 
EMULSION PRESS 
FUEL SUPPLY 
WATER PRESS 


PSI 

PSI 

PSI 

PSI 

IN-H20 

)PSI 

)PSI 

IN-HG 

IN-HG 

PSI 

PSI 

PSI 

PSI 


168 

173. 

176 

171 

179. 

182. 

185. 

181 

195 . 

196 

199 

196 

95. 

95 

100 

100 

148. 

150 

149. 

149 

93 

95 . 

103. 

106 

92 

92 

97 

96 

80 

73 

fai 

89 

646 

619 

643 

65/ 

628. 

649. 

658. 

647 

112. 

105. 

112. 

120 

112. 

105. 

112. 

121 

166. 

168. 

171 

170 

168. 

169 

172 

171 

574 

591 . 

597 

590 

591 

564 

585. 

600 

83. 

75. 

84 

93 

78 

75 

84 

90 

673 

704 . 

713 

696 

549 

587. 

595 

572 

602. 

606 

601 . 

600 

650 . 

659. 

666. 

66? 

623. 

621 . 

636 

634 

677. 

687 

708. 

703 

655. 

628. 

647 

67/ 

688. 

639 

654. 

704 

627. 

609 

624 

627 

630 . 

614 

624. 

629 

687. 

659. 

697. 

709 

681 . 

672. 

677. 

6°3. 

66 . 

65 

64 

65 

15.0 

15.0 

15 0 

15 

18 

1 8 

1.8 

1 

2 6 

2 5 

2.5 


3.7 

3 8 

4.2 

4 

1 

1 0 

0 0 

0 . 

1 

1 . 0 

. 1 

1. 

2 5 

2.5 

2 5 

2 

1.3 

t .4 

1. 5 

1. 

IB 

22. 

20 

20 

100 

100 

100 

too 

2 

2 

? 


60 

SO 

60 

60 . 


1/6 

184 

198 

9V 

149 

102 

95 

8S 

653 

652 

116 

117 

1/0 

172 

596 

597 

85 

86 
695 
587 
60b 
655 
644 
702 
666 
692 
621 
632 
692 
680 


65 
15 
t . 


1 

20 

100 

2 

60 


HYDROCARBONS 

PPMC 

105 

70 

109 

142 

38 

CARBON MONOXIDEPPM 

239 

488 

26/ 

219 

219 

NITRIC OXIDE 

PPM 

330 . 

275. 

210 

214 

178 

NITROGEN OXIDESPPM 

350 

300 

231 . 

235 

198 

CARBON DIOXIDE 

PCI 

5.4 

5 2 

5 2 

5 3 

5 2 

OXYGEN 

PCT 

13 7 

16 0 

11 6 

14 0 

13 9 

SMOKE OPACITY 

PCI 

5 5 

5 6 

6 0 

8 0 

6 5 

HC MASS 

GM-HR 

SO.691 

34 560 

54 561 

68 819 

44 503 

CO MASS 

GM-HR 

222 6? 

464 32 

257.26 

204 27 

213.3? 

NOX MASS 

GM-HR 

537 09 

S27 91 

444 20 

423^10 

390.01 

BSHC 

GM/BHP-HR 

4384 

2974 

4597 

5734 

. 3723 

BSCO 

GM/BHP-HR 

1 9258 

3 9961 

2 1678 

1.7020 

1 /844 

BSNO 

GM/BHP-HK 

4.6447 

4 5434 

3.7430 

3 5254 

3.2623 


106 






TABLE C-9. ENGINE TEST RESULTS, CUMMINS ENGINE, 
1200 RPM, 10% WATER 


DYNAMOMETER CONSTANT. 300 0 
H/C RATIOi 1.78 

RUN NUMBER 
NON. WATER PCT. 


ENCINE SPEED 
OBS. TORQUE 


BAR. PRESS. IN-HC 

DRY BULB DEC F 

WET BULB DEC F 

REL. HUMIDITY PCT 

CORR BHP HP 

CORR BMEP PSI 


API GRAVITY OF DIESEL FUEL. 3S.3 AT 60F 


226. 

240. 

254. 

10. 

10 

10 

1200 

1200. 

1200. 

506. 

508. 

508 

29.05 

28.96 

29.04 

82. 

92. 

86. 

75. 

78. 

79. 

72. 

54. 

74 

11B.5 

120.6 

119 6 

45.7 

46.5 

46.2 


WAftR^LOW hc/HlN 


WATER FLOW 
CALC VOL. X 
B8FC 

AIR FLOW 


PCT. 

LB/BHP-HR 

LB/MIN 


STOICH. F/A 
MEAS. F/A 
CALC. F/A 

X DIFF. PCT 


COOLANT IN 
CUOLANT OUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INTAKE AIR 
TURB. INLET (L 
TURB. INLET (R 
COMP. OUT <L> 
COMP. OUT <R> 
CHARGE AIR <L> 
CHARGE AIR <R) 
EXH. STACK <R> 
EXH. STACK <L) 
WATER INLET 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 

IS 6R 

EXHAUST 1L 
EXHAUST 2L 

mm It 

EXHAUST 5L 
EXHAUST 6L 

OIL PRESSURE 
RAIL PRES8URE 
BOOST <R> 

BOOST <L) 

INLET VAC. (R) 
EXH PRESS <R 
EXH. PRE88. (L! 
TURB IN (R) 
TURB IN. <L) 
FUEL PRESS 
EMULSION PRESS 

EKfa.'ffEU. 


DEC F 
d d e e g c f 

DEC F 
DEG F 

d d e e g g l 

if f 

DEG F 
DEG F 
DEC F 
DEG F 
DEG F 
DEG F 
DEC F 


PSI 

PSI 

'pi* 

IN-H20 

>PSI 

>P8I 

IN-HG 

IN-HG 

PSI 

PSI 


F 

661. 

674 

F 

551. 

568 

F 

592 

603 

F 

638 

650 

F 

618. 

620 

F 

675. 

660 

F 

641 . 

625 

F 

F 

til 

637 

603 

F 

613. 

602 

F 

671 . 

651 

F 

667. 

652 


65. 

65 


15.2 

15 


1.8 

1 


ft*§ 

ml 

CARBO 
OXYGEN 
SMOKE OPAC 


...eWF 

[dEb££ 


HC MASS 

BSHC 

B8C0 

B8N0 


GH/BHP-HR 

CM/BHP-HR 

GM/BHP-HR 


2.3754 
4.8002 


3727 
4.1595 
4.2736 


60.147 

ItHI 

.5077 
2 2513 
3.7997 


S8 619 50.255 

??9 4 :W IK:I! 

.4861 .4200 

1 6923 1.8683 

3.4753 4.3130 



TABLE C-10. ENGINE TEST RESULTS, CUMMINS ENGINE 
1200 RPM, 15% WATER 


DYNAMOMETER CONSTANT 300 0 
H/C RATIO 1.78 

API 

GRAVITY 

O }■ DIESEL 

FUEL ! 

35.3 AT 

NUN NUMBER 

NOM. WATER PCT 


181 . 

15 

191 . 
15. 

227. 

15 

241 

15 

z ii 

ENGINE SPEED 
OBS. TORQUE 

RPM 

LB-FT 

1200 . 
508. 

1200 . 
508 

1200 . 
508. 

1200 . 
508 

1200 

S08 

BAR. PRESS. 

DRY BULB 

WET BULB 

REL HUMIDITY 
CURR. BMP 

CORN BMEP 

IN-HG 

DEG F 

DEG F 

PCT 

HP 

PSI 

29 29 
81 

64 

39 

116.2 

44.8 

29.15 

74 

68. 

74 

116 4 
44.9 

29.05 

84. 

76 

70 

118.7 

45.8 

28.96 

93. 

79 

54 

121.0 

46.7 

29.06 
8S. 
77 

70 

119.1 

46.0 

FUEL FLOW 

WATER FLOW 

CALC UOL. * 
BSFC 

AIR FLOW 

lb/hr 

CC/MIN 

lS/BHP'HR 
LB/MIN 

54 19 
79 6 
13.9 
4664 

37.7 

53.25 

82.8 

14.6 
4575 

37.6 

53.70 

82.8 

14.5 

.4524 

36 9 

S3 06 
81.2 
14.4 
4384 
36.3 

53 38 
82 8 

14.6 
4483 

36.6 

STOICH. F/A 
MEAS. F/A 

CALC F/A 

X DIFF 

PCT 

. 0691 
. 0240 
0249 
3.74 

. 0691 
0236 
0240 
1.55 

0691 
. 0242 
. 0242 
-26 

. 0691 
. 0244 
0251 
2.80 

.0691 
. 0243 
. 0250 

2 66 
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TABLE C-ll. ENGINE TEST RESULTS, CUMMINS ENGINE, 
1200 RPM, 20% WATER 


DYNAMOMETER CONSTANT: 3000 

API 

GRAVITY 

OF DIESEL FUEL. 

35.3 AT 

H/C RATIO: 1.78 






RUN NUMBER 


182. 

192 

228. 

242. 

256. 

NOM WATER PCT 


20 . 

20 

20 

20 

20 

ENGINE SPEED 
OBS TORQUE 

RPM 

LB-FT 

‘!«T 

1200 . 
508 

1200. 
S08. 

1200. 

SOB. 

‘lol: 

BAR PRESS. 

IN-HG 

29.28 

29.16 

29.06 28.96 

29.12 

DRY BULB 

DEG F 

81 . 

77. 

84. 

93 

82. 

WET BULB 

DEG F 

64 . 

70 . 

76. 

79. 

75 

REL HUMIDITY 

PCT 

39. 

71. 

70 . 

54. 

72. 

CCJkR BHP 

HP 

116. S 

116.7 

•119.3 

1 121.2 

lie 2 

CORR. BMEP 

PSI 

45 0 

45 0 

46.0 

46.8 

15 6 

FUEL FLOW 

LB/HR 

53.91 

53.04 

S3.92 53 80 

54.77 

WATER FLOW 

CC/MIN 

114.0 

111.0 

114.0 

114.0 

111.0 

CALC VOL. X 

PCT 

IB.9 

18 7 

18.9 

► 18.9 

18.3 

BSFC 

LB/BHP-HR 

.4609 

.4546 

.4521 

4439 

.4635 

AIR FLOW 

LB/MIN 

39 5 

37.4 

36.7 

’ 36.2 

36.7 

STOICH. F/A 


. 0691 

0691 

.0691 

.0691 

.0691 

MEAS F/A 

CALC. F/A 


sm 

:oi3! 


' :Slsf 

■m 

X DIFF. 

PCT 

4 36 

2 62 

1 76 

. 82 

.35 

COOLANT IN 

DEG F 

190. 

177 

177. 

174. 

178. 

COOLANT OUT 

DEG F 

ISO . 

185. 

185. 

182. 

185. 

OIL SUMP 

DEG F 

19S. 

198 

199 

197. 

198. 

FUEL IN 

DEG F 

101. 

98 

101 

105. 

99. 

FUEL RETURN 

DEG F 

150 . 

151 . 

148. 

149. 

147 

FUEL SUPPLY 

DEG F 

96 

98 

106 

111. 

101. 

FUEL COOLER 

DEG F 

99. 

97. 

96. 

100 . 

9S. 

INTAKE AIR 

DEG F 

85. 

76. 

86. 

95. 

81 

TURB INLET (L)DEG F 

601. 

58B. 

S96. 

608. 

596. 

-lUkB INLET < R > DEG F 

603. 

611. 

625. 

606. 

611. 

COMP. OUT <L> 

DEG F 

114. 

107. 

115. 

123 

110. 

COMP OUT (R) 

DEG F 

114. 

107 

17Z. 

172. 

1 ) 1 : 

CHARGE AIR (L) 

DEG F 

168. 

171 . 

CHARGE AIR <R> 
EXH. STACK <R> 

f f 

III. 

kll 

m. 

IP. 


EXH. STACK <L> 
WATER INLET 

d d e E g G f f 

li: 



S U: 

S 5I: 

CELL AIR 

DEG F 

84. 

77. 

86 

96 

6??: 

EXHAUST 1R 

DEG F 

634. 

644 

665. 

648 

EXHAUST 2R 

DEG F 

542. 

555. 

597. 

657 

5B3: 

EXHAUST 3R 

DEG F 

580 . 

588. 

S84. 

EXHAUST 4R 

DEG F 

612 

622 

636. 

599. 

617 

EXHAUST SR 

DEG F 

601 

602 

632. 

622. 

EXHAUST 6R 

DEC F 

655. 

647. 

675. 

648 

656. 

EXHAUST 1L 

DEG F 

614. 

609. 

609. 

625. 

618. 

EXHAUST 2L 

DEG F 

637 

614. 

619 

654 

640 

EXHAUST 3L 

DEG F 

577. 

572 

585. 

586. 

S70 . 

EXHAUST 4L 

DEG F 

586. 

581 

589. 

588. 

580 . 

EXHAUST 5L 

DEG F 

564. 

613 

634. 

6S6 

639 

EXHAUST 6L 

DEG F 

615. 

604. 

620. 

628. 

615. 

OIL PRESSURE 

PSI 

65. 

63. 

64. 

65. 

64. 

RAIL PRESSURE 

PSI 

15 5 

15 8 

20. 

0 18 0 

i? 0 

BOOST <R> 

PSI 

1.5 

1.8 

1 . 

6 1.5 

1 5 

BOOST (L) 

PSI 

2.7 

2.5 

2. 

5 2.5 

2.4 

5.3 

INLET VAC <R> 

IN-H20 

3 7 

3 8 

4. 

2 4.6 

EXH. PRESS. <R)PSI 

. 1 

. 1 

0 . 

0 0.0 

I 

EXH. PRESS (L)PSI 

. 1 

. 1 


1 . 1 

. 2 

TURB. IN. <R) 

IN-HG 

25 

2.5 

2 . 

S 2.5 

2.5 

TURB. IN. <L> 

IN-HG 

1.2 

1.2 

1 . 

2 1.2 

1.3 

FUEL PRESS. 

PSI 

18 

22. 

20. 

20. 

20 

EMULSION PRESS 

PSI 

100 . 

100 

100. 

100 . 

100 . 

FUEL SUPPLY 

PSI 

2 

2. 

2. 

2. 

2. 

WATER PRESS 

PSI 

60 . 

SO 

60. 

60 . 

60 . 

HYDROCARBONS PPMC 

CARBON MONOXIDEPPM 

Ill: 

ill: 

£?: 

146. 

263. 


NITRIC OXIDE 

PPM 

330 . 

275. 

211 . 

215. 

??o. 

NITROGEN OXIDESPPH 

360. 

.113 

248. 

249. 

250 . 

CARBON DIOXIDE 

PCT 

5.3 

5.1 

5.3 

; 5.3 

5.3 

OXYGEN 

PCT 

13 6 

16.0 

9.3 

[ 15.4 

IS 6 

SMOKE OPACITY 

PCT 

2 9 

3.6 

72 32 3 

1H:8 

4 . 0 

71.784 

1 3.9 

1 70.145 

f 

1.5 

46.490 

mix 

HC HASS 

fc8x M aIis 

GM-HR 

M 

GM/BHP-HR 
GH/BHP-HR 

§4.052 
!»:« 

BSHC 

B8CO 

2 .of 06 

6198 

4.9214 

x-m 

’ 5>B8 

: 2.0043 

a 1 113 

BONO 

GM/BHP-HR 

5 2099 

5.2405 

4.3176 

> 4.2035 

4 4018 
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TABLE C-12. ENGINE TEST RESULTS, CUMMINS ENGINE, 
1200 RPM, 25% WATER 


DYNAMOMETER CONSTANT 3000 API GkAVlTY OP DIESEL FUkL : 3S 3 AT 

H/C RATIO: i 78 


RUN NUMBER 


193 

229 

243 

257 

NON WATER PCT 


25. 

25 

25 

25 

ENGINE SPEED 

RPM 

1200 

1200 . 

1200 

1200 

OBS. TORQUE 

LB-FT 

508. 

508 

508 

508 

BAR PRESS 

IN-HG 

29.17 

29 04 

28 95 

29 11 

DRY BULB 

DEG F 

77 

88 

94 

82 

WET BULB 

DEG F 

70 . 

76 

80 . 

73 

REL HUMIDITY 

PCT 

71 

58 

55 

65 

CDRR BHP 

HP 

117.1 

119 5 

121 5 

117.9 

CORR. BMEP 

PSI 

45 2 

46 1 

46 9 

45 5 

FUEL FLOW 

LB/HR 

53 33 

53.66 

53.75 

53.57 

WATER FLOW 

CC/MIN 

143 8 

159 0 

159 0 

159.0 

CALC VOL X 

PCT . 

22.9 

24.6 

24 5 

24 6 

BSFC 

LB/BHP-HR 

■ 4S5S 

4491 

4423 

4544 

AIR FLOW 

LB/MIN 

37.2 

36 5 

36 0 

36 5 

STOICH. F/A 


0691 

. 0691 

0691 

0691 

MEAS F/A 


0239 

. 0245 

0249 

. 0244 

CALC. F/A 


0248 

0240 

0252 

. 0236 

X DIFF. 

PCT 

3 84 

-1 99 

1 18 

-3 42 

COOLANT IN 

DEG F 

178 

177 

176 

1/8 

COOLANT OUT 

DEG F 

185 

i8S 

184 

186 

OIL SUMP 

DEG F 

198 

198 

197 

190 

FUEL IN 

DEG F 

97 

102 

105 

100 

FUEL RETURN 

DEG F 

149. 

147 

149 

147 

FUEL SUPPLY 

DEG F 

100 . 

107 

11? 

102 

FUEL COOLER 

DEG F 

94 . 

98 

102 

96 . 

INTAKE AIR 

DEG F 

79 

88 

96 

81 

TURB. INLET <L)DEG F 

582. 

578. 

S9S 

583 

TURB INLET (R)DEG F 

605. 

612 

598 

603 

COMP OUT (L) 

DEG F 

109 

117 

124 

110 

COMP OUT (R) 

DEG F 

110 . 

116 

125 

117 

CHARGE AIR (L) 

DEG F 

171 . 

172 

172 

171 . 

CHARGE AIR (R) 

DEG F 

172. 

173 

173 

173 

EXH. STACK < R) 

DEG F 

552 

S59 

549 

552 

EXH STACK (L) 

DEG F 

532. 

531 

547 

536 

WATER INLET 

DEG F 

84 

89 

95 

88. 

CELL AIR 

DEG F 

78 

90 

98 

82 

EXHAUST 1R 

DEG F 

630 

645 

634 

637 

EXHAUST 2R 

DEG F 

552 

558 

548 

563 

EXHAUST 3R 

DEG F 

582 

591 

580 

578 

EXHAUST 4R 

DEG F 

604 

611 

602 

600 

EXHAUST 5R 

DEG F 

593 

615 

593 

607 

EXHAUST 6R 

DEG F 

626 

650 

630 

631 

EXHAUST IL 

DEG F 

594 

582 

603 

594 

EXHAUST 2L 

DEG F 

605 

603 

634 

622 

EXHAUST 3L 

DEG F 

563 

569 

572 

558 

EXHAUST 4L 

DEG F 

571 

571 

576 

566 

EXHAUST 5L 

DEG F 

570 . 

610 

632 

615 

EXHAUST 6L 

DEG F 

578 

581 

602. 

590 . 


OIL PRESSURE 
k AIL PRESSURE 
BOOST < R) 

BOOST < L > 

INLET VAC < R > 


fc.XH 

EXH. 


PRESS 

PRESS 


PSI 

PSI 

PSI 

PSI 

IN-H20 


<R)PS1 
< L)PSI 


64 
20.0 
i 6 
2.5 
3.8 
. 1 


64 
20 0 
i .5 
2.5 
4 2 
0 0 
1 


65 

20 

1 

2 

4 . 

0 


64 

20 

1 


TUkB IN. < R ) 

IN-HG 

2 5 

2 4 

2.5 

2 

TURB IN (L) 

IN-HG 

1 2 

1 2 

1.2 

1 

KUEL PRESS. 

PSI 

?? 

20 

20 

20 

EMULSION PRESS 

PSI 

100 

100 

100 

100 

TUfcL SUPPLY 

PSI 

2 

2 

2 

y 

WATER PRESS 

PSI 

so 

60 

60 . 

60 

HYDROCARBONS 

PPMC 

250 

193 

211 

132 

CARBON MONOXIDEPPM 

749 

316 

417 

383 

NITRIC OXIDE 

PPM 

275 

216 

210 . 

215. 

NITROGEN OXIDESPPM 

325 

250 . 

250 

250 

CARBON DIOXIDE 

PCT 

5 2 

5 1 

5 3 

5 0 

OXYGEN 

PCT 

16 0 

9 5 

15 9 

15 5 

SMOKE OPACITY 

PCT 

2.9 

3 1 

3 5 

1 0 

HC MASS 

GM-HR 

120 00 

96 372 

100 63 

66 795 

CO MASS 

NOX MASS 

GM-HR 

GM -HR 

it TW 



m u 

B5HC 

GM/BHP-HR 

1 0248 

8067 

8281 

5666 

BSCO 

GM/BHP-HR 

5 8998 

2 5400 

3 1394 

3 1626 

8SN0 

GM/BHP-HR 

5 6186 

4 6525 

4.5773 

4 7291 


110 









TABLE C-13. ENGINE TEST RESULTS, CUMMINS ENGINE 
1800 RPM, BASELINE 


DYNAMOMETER CONSTANT: 3000 

API 

GRAVITY 

OF DIESEL 

FUEL : 

35 3 AT 

60F 


H/C RATIO: 1 78 

NUN NUMBER 

171 . 

177. 

183. 

188 

195 

201 

216 

NOM WATER PCT 


0 

0 

0 

0 

0 

0 

0 

ENGINE SPEED 

RPM 

1600 

1800 

1800 

1200 

1600 

1800 

1600 

QBS TORQUE 

L.B-FT 

1257 

1257 

1257 

508 

1257 

12S7 

1257 . 

BAR. PRESS. 

1N-HG 

29 29 

29 16 

28 96 

29 11 

29.22 

29 26 

29 10 

DRY BULB 

DEG F 

02 

91 . 

81 

73 

79 

78 

89 

WET BULB 

DEG F 

73 

73 

76 

66 

74 

72 

76 

REL HUMIDITY 

PCT 

65 

42. 

80 

78 

79 

75 

55 

CDkR BHP 

HP 

436.2 

441.7 

443 9 

116 2 

436 1 

433.9 

444 3 

CORR BMEP 

PSI 

112 2 

113.7 

114 2 

44 8 

112 2 

111.6 

114 3 

FUEL FLOW 

LB/HR 

181 93 

179 14 

180 80 

55.30 

179 19 

180.09 

177 08 

WATER FLOW 

CC/MIN 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

CALC VOL X 

PCT 

0 0 

0 0 

0.0 

0 0 

0 0 

0 0 

0 0 

BSFC 

LB/BHP-HR 

4171 

40S6 

.4073 

4761 

4109 

. 4151 

3986 

Aik FLOW 

LB/M1N 

83.5 

82 6 

83 7 

38 0 

85 0 

04 5 

81 4 

STOICH. F/A 


. 0691 

0691 

. 0691 

0691 

0691 

0691 

0691 

Mfc AS F/A 


0363 

0361 

0360 

. 0242 

0351 

0355 

. 0363 

CALC. F/A 


. 033S 

0 324 

0341 

. 0248 

0347 

0348 

. 0342 

X DIFF 

PCT 

-7 63 

-10.37 

-5 24 

2 37 

-1 15 

-1.88 

-5.58 

COOLANT IN 

DEG F 

177. 

178. 

176 

172. 

173 

177 

173 

COOLANT OUT 

DEG F 

188 

189 

106 

181 

184 

188 

186 

OIL SUMP 

df:g f 

221 

222 

210 

194 

217 

219 

217 

FUEL IN 

DEG F 

105 

104 

107 

92 

105. 

103. 

110 . 

FUEL RETURN 

DEG F 

1SJ. 

154 

155 

149 . 

152 

152. 

153 

FUEL SUPPLY 

DEG F 

89 

92. 

92 

94 . 

90 

89. 

96 

FUEL COOLER 

DEG F 

106 

106 

109 

90 

10S. 

105 

109 

INTAKE AIR 

DEG F 

83 

92 

84 

72 

79 . 

78 

91 

TURB INLET (L)DEG F 

96S 

969. 

949 

629 

937 

942. 

959 

TUKB. INLET (R > DEG F 

927 

977 

960 . 

657. 

953. 

951 

965 

COMP. OUT < L > 

DEG F 

231 . 

240 

232. 

106. 

225. 

224 

234 

CUMP. OUT (R) 

DEG F 

228 

238 

230 . 

105. 

224. 

223. 

232 

CHARGE AIR <L> 

DEG F 

194 

197 

192. 

168. 

109 

191 

192 

CHARGE AIR (R) 

DEG F 

194 . 

197 

194 

169 

190 

192 

192. 

EXH. STACK (R) 

DEG F 

816 . 

824 

80S 

S99 . 

800 

800 

813 

LXH. STACK (L) 

DEG F 

806 

813 

792. 

5/4 

780 . 

787 

801 

WATER INLET 

DEG F 

88 

100 

89 

75 

82. 

80 

95 

CELL Aik 

DEG F 

86 

95 

84 . 

76 

80 . 

80 . 

92 

EXHAUST 1R 

DEG F 

9S6 . 

96S . 

945. 

713. 

935. 

936. 

949 

EXHAUST 2R 

DEG F 

928 

936. 

931 

598 

908 

911 

924 

EXHAUST 3R 

DEG F 

938 

947. 

919. 

600 

925 

921 

935 

EXHAUST 4R 

DEG F 

914 

925. 

904 

669. 

900 . 

898 

911 

EXHAUST SR 

DEG F 

93S 

943. 

926. 

654. 

915 

915 

929 

PXHAUST 6R 

DEG F 

958 

963 

951 

711 . 

943 

937 . 

955 

EXHAUST 1L 

DEG F* 

1005 . 

1019 

994 

655. 

980. 

981 

993 

EXHAUST 2L 

DEG F 

961 . 

973 

955. 

678. 

940 

940 . 

958 

EXHAUST 3L 

DEG F 

916. 

929. 

907. 

601 . 

896 

901 . 

917 

EXHAUST 4L 

DEG F 

929 

942 

921 

618 

911 

908 

928 

EXHAUST SL 

DEG F 

932 

944 

920 

639 

912 

915 . 

923 

EXHAUST 6L 

DEG F 

955 

959 

933 

679 

926 

925 

951 

OIL PRESSURE 

PSI 

76 

76,. 

76 

66 

76 . 

76. 

76 

RAIL PRESSURE 

PSI 

75.0 

75 0 

75 0 

149 0 

75 0 

75 0 

74 . 

BOOST <R> 

PSI 

it 0 

10.9 

11.2 

1 8 

112 

11 1 

10 . 

BOOST (L > 

PSI 

10.5 

11.3 

10.5 

2 5 

10 0 

11 5 

1 0 

INLET VAC <R> 

IN-H20 

12.3 

12.7 

13.0 

3 0 

13 6 

13.9 

13 

EXH. PRESS < R >PSI 

. 3 

3 

3 

1 

1 

• \ 


EXH. PRESS. (L)PSI 

.6 

.6 

.5 

. 1 

.5 

. S 


TUkB IN < R) 

1N-HG 

11.0 

11 . 0 

11 0 

2.5 

112 

11 . 1 

li t 

TURB IN <L) 

IN- HG 

10 0 

10 0 

10 0 

1 4 

10 0 

10.0 

0 . 

FUEL PRESS 

PSI 

22 

20 

20 

21 . 

20 . 

20 

20 

EMULSION PRESS 

PSI 

100 . 

100 . 

100 . 

100 

100 

100 . 

100 

FUEL SUPPLY 

PSI 

2 

2 

2 

2 

2 

p 

2 

WATER PRESS 

PSI 

0 

0 

0 

0 

0 . 

1) 

0 


HYDROCAkBONS 

PPMC 

100 . 

40 

130 

54 

78 

70 

82 

125 

CARBON MONOXIDEPPM 

306 

163 

635 

212. 

281 

550 

NITRIC OXIDE 

PPM 

900 . 

950 

870 

288 

850 

850 

288 

NITROGEN OXIDESPPH 

863 

950 

880 

313 

038 

8S0 

750 

CAkBON DIOXIDE 

PCT 

7.2 

7 0 

7.3 

5 3 

7 5 

7.5 

7 4 

OXYGEN 

PCT 

10.5 

10.3 

11 5 

15.0 

12.2 

12 3 

15 0 

SMOKE OPACITY 

PCT 

0 . 0 

0 0 

6 9 

8 6 

5 4 

5 9 

6 0 

HC MASS 

GM-HR 

121 64 

49.507 

154.76 

26 649 

89 849 

81.249 

95.154 

CO MASS 

GM-HR 

704.86 

384.81 

1431.4 

203 00 

615.43 

1206 3 

274 58 

NOX MASS 

GM HR 

3527.4 

3789.1 

3719.8 

535.94 

3371 8 

3339.2 

2949 6 

BSHC 

GM/BHP-HR 

2789 

. 1 121 

.3486 

2294 

.2060 

1873 

2142 

BSCO 

Gh/BHP-HR 

1 6161 

.8712 

3.2248 

1 7475 

1 4113 

2.7802 

6181 

BSNO 

GM/BHP-MR 

8.0876 

8 5787 

8 3803 

4 6137 

7.7323 

7.6960 

6 6393 
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TABLE C-13. ENGINE TEST RESULTS, CUMMINS ENGINE, 
1800 RPM, BASELINE (CONT'D) 


DYNAMOMETER CONSTANT 3000 

API 

GRAVITY 

OF DIESEL FULL 

35 3 AT 

60F 

H/C RATIO 1 78 







RUN NUMBER 


217 

223 

231 

237 

245 

251 

NON WATF.R PCT 


0 

0 

0 

0 

0 

0 

ENGINE SPEED 

RPM 

1800 

1800 

1800 

180 0 

1800 

1B0U 

OBS TORQUE 

LB-FT 

1257 

1257 

12S7 

1257 

125/ 

1257 

BAR PRESS 

1N-HG 

29 19 

29.24 

28 95 

29 00 

28 94 

28 91 

DRY BULB 

DEG F 

80 

89 

83 

92 

88 

90 

WtT BULB 

DEG F 

73 

76 

75 

80 

76 

70 

RFL HUMIDITY 

PCT 

72. 

55 

69 

60 

58 

59 

LURR BHP 

HP 

436 3 

440 9 

442 5 

440 6 

445 3 

447 3 

CUPR BhEP 

PSI 

112.3 

113 5 

113.9 

115.4 

114 6 

115 1 

FULL FLOW 

LB/HR 

179.60 

179 37 

180 41 

1 80 68 

!02 23 

181 73 

WATER FLOW 

CC/MIN 

0 0 

0 0 

0 0 

0 0 

0 0 

0 6 

CALC VOL X 

PCT. 

0 0 

0 . 0 

0 0 

0 0 

0 0 

0 0 

BSFC 

LB/BHP HR 

.4116 

. 4U68 

4077 

4020 

4093 

4063 

AIR FLOW 

LB/MIN 

83 7 

83 1 

81 9 

8) 2 

82 1 

80 6 

STOICH F/A 


0691 

0691 

0691 

0691 

0671 

0691 

ME AS F/A 


0358 

0360 

0367 

0371 

0370 

0376 

CALC F/A 


. 0343 

0350 

0336 

0 J54 

O3S0 

0347 

X DIFF. 

PCT 

-4 12 

-2.85 

-B 79 

-4 51 

-3 19 

-7 62 

COOLANT IN 

DEG F 

161 

161 

17S 

174 

172 

170 

LUULANT OUT 

DEG F 

181 

180 

187 

185 

184 

184 

OIL SUMP 

DEG F 

214 

216 

?19 

210 

220 

218 

FUEL IN 

DEG F 

106 

110 

109 

109 

110 

109 

FUEL RETURN 

DEG F 

148 

152 

153 

155 

154 

154 

FUEL SUPPLY 

DEG F 

90 

102 

92 

96 

95 

96 

FUEi. COOLER 

0£G F 

1 06 

109 

110 

)10 

111 

110 

INTAKE AIR 

DF.G F 

80 

89 

e3 

9? 

83 

89 

TURB INLET (L)DFG F 

941 

958 

961 

966 

960 

968 

TURB INLET (R)DEG F 

949 

963 

964 

9 vs 

977 

977 

COMP OUT (L) 

DEG F 

225 

234 

229 

238 

235 

234 

COMP. OUT < R) 

DEG F 

223 

23? 

227 

236 

232 

232 

CHARGE AIR (L) 

DEG F 

IBS 

16fa 

191 

193 

191 

190 

CHARGE AIR (R) 

DEG F 

186 

188 

192 

193 

191 

191 

EXH STACK (R) 

DEC F 

796 

012 

008 

822 

822 

823 

EXH STACK (L) 

DEG F 

784 

802 

800 

810 

810 

812 

WATER INLET 

DFG F 

84 

99 

87 

99 

93 

102 

CELL AIK 

DEG F 

81 

90 

86 

95 

89 

9S§ 

EXHAUST 1R 

DFG F 

936 

953 

941 

958 

955 

EXHAUST ?R 

DEG F 

912 

926 

920 

935 

728 

930 

EXHAUST 3R 

DEG F 

920 

931 

931 

944 

V43 

940 

EXHAUST 4R 

DEG F 

894 

910 

911 

921 

918 

921 

EXHAUST SR 

DEG F 

900 

925 

924 

934 

937 

932 

EXHAUST 6R 

DEG F 

937 

958 

952 

961 

964 

957 

EXHAUST 1L 

DEG F 

97 3 

994 

981 

999 

996 . 

1002 

FXHAUST 2L 

DEG F 

944 

955 

952 

966 

963 

965 

EXHAUST 31 

DEG F 

905 

920 

910 

926 

922 

923 

FXHAUST 41- 

DEG F 

913 

9?1 

926 

931 

935 

928 

EXHAUST SL 

DEG F 

906 

920 

919 

930 

930 

928 

EXHAUST 6L 

DEG F 

923 

949 

945 

956. 

953 

956 

OIL PRESSURE 

PSI 

78. 

77 

76 

76 

76 

77 

kAIL PRESSURE 

PSI 

75 0 

75 0 

VS 0 

75 (l 

75 0 

75 0 

BOOST (R) 

PSI 

11.2 

10 a 

11 .2 

10 8 

11 0 

10 .8 

BOOST (L) 

PSI 

10.2 

10 5 

10 5 

10 2 

10.8 

10 2 

INlF-T VAC. (R) 

1N-M20 

14 1 

14 2 

14 7 

14.9 

IS 9 

16.5 

FXH PRESS. < R)PSI 

.2 

.2 

1 

2 

1 

2 

EXH PRESS. < L)PSI 

6 

5 

5 

5 

6 

. 5 

rukB. in <R> 

IN-HG 

11 .0 

11 0 

11 .0 

11.0 

10 0 

11.0 

IURB IN (L) 

IN-HG 

10 0 

10 0 

10 0 

9 8 

10 0 

9 8 

FUEL PRESS 

PSI 

20 . 

20 

20 

20 

20 

20 

EMULSION PRESS 

PSI 

100 

100 

100 

100 

100 

too 

FUEL SUPPLY 

PSI 

3 

2 

2 

2 

2 

5: 

WATER PRESS 

PSI 

0 

0 

0 

0 . 

0 . 

K?§8n A Sun8)?ID6 

m 

24^. 

all 

50 

246 

2§I 

2?0 


NITRIC OXIDE 

PPM 

650 . 

625 

605 

675 

573 

S65 

NITROGEN OXIDESPPM 

738 

638 

623 

698. 

598 

580 . 

CARBON DIOXIDE 

PCT 

7.4 

7 6 

7 3 

7.6 

7.7 

7 5 

OXYGEN 

PCT 

14 0 

11 9 

12.7 

12 8 

10.3 

12 3 

SMOKE OPACITY 

PCT 

5 0 

7 2 

4.7 

8.2 

6 0 

5 7 

HC MASS 

GM-HR 

71 6^6 

63 377 

60 193 

69.172 

107 48 

34 118 

CO MASS 

RIhc MASS 

GM-HR 

GM-HR 

547 33 
2949 4 

l&°! 

561,61 
2580.0 


I3f* 5 f 


UM/BHP-HR 

1643 

1437 

. 1360 

1542 

2414 

0763 

BSCO 

CM/BHP-HR 

1 2544 

1 2498 

1 2692 

1 3547 

1.2094 

i 4137 

BSNU 

GM/BHP-HR 

6.7594 

5 6311 

5 8488 

6.3354 

5.2151 

S 3042 


112 







TABLE C-14. ENGINE TEST RESULTS, CUMMINS ENGINE 
1800 RPM, 5% WATER 


DYNAMOMETER CONSTANT > 3000 API GRAVITY Oh DIESEL FULL 35.3 AT 60F 
H/C RATIOj 1.78 


RUN NUMBER 

NOM. WATER PCT 


172 

184. 

196 

218 

232 

246 



5 

5. 

5. 

5 

5. 

5 


ENGINE SPEED 

RPM 

1800 . 

1800 . 

1800 

1800 

1800 

leoo 


08S TORQUE 

LB-FT 

1257 

1257. 

1257 

1257. 

1257 

1257 


BAR PRESS. 

IN-HG 

29 27 

28 95 

29.23 

29.21 

28.96 

28 95 

DRY BULB 

DEG F 

82. 

94. 

79. 

80 

83 

89 


WET BULB 

DEG F 

73 

82. 

74 

73 

75 

76 


REL. HUMIDITY 

PCT 

6S 

60 . 

79 

72 

69 

55 


CORR. BHP 

HP 

437 6 

453 4 

437.0 

437 2 

442 9 

446. 


CORR BMEP 

P9I 

112 6 

116 7 

112.5 

112 S 

114.0 

114 < 


f-UEL FLOW 

LB/HR 

179.89 

168.98 

178 13 

178.26 

179.46 

181.31 

WATER FLOW 

CC/MIN 

82.8 

02 8 

82.8 

82.8 

82 0 

82 8 

CALC VOL . X 

PCT . 

4 0 

5 1 

4.9 

4 9 

4.8 

4 8 

S?R C FLOU 

LB/BHP-HR 

. 4111 

3727 

4076 

.4078 

4052 

. 4060 

LB/MIN 

82.9 

80 8 

83.5 

83.2 

81 .7 

79 7 

3TOICH. F/A 


. 0691 

. 0691 

0691 

0691 

. 0691 

0691 


MEA8 F/A 


0362 

034B 

035S 

. 0357 

. 0366 

. 0375 
0 J5t 


CALC F/A 


0326 

. 0345 

. 0343 

0343 

. 0336 


X DIFF. 

PCT 

-9 98 

- 98 

-3.49 

-4 00 

-8 19 

-5 61 


COOLANT IN 

DEG F 

178 

1172. 

172. 

163. 

176. 

174 


COOLANT OUT 

DEG F 

188. 

184 . 

184 

182. 

187. 

186 


OIL SUMP 

DEC F 

222 

218 

217. 

216 

219 

220 


FUEL IN 

DEG F 

106 

ill . 

107 

107 

109. 

112 


FUEL RETURN 

DEG F 

153 

156 

152 

149 

93. 

155 


FUEL SUPPLY 

DEG F 

91 . 

98. 

92 

92 

153. 

97 


FUEL COOLER 

DEG F 

109. 

113. 

109 

11 . 

110 . 

111 


INTAKE AIR 

DEG F 

85. 

97. 

81 . 

82 

84 

91 


TURB. INLET <L)D£G F 

952. 

950. 

VJ4. 

937 

946 

962 


1UKB INLET <R)DEG F 

929. 

965. 

943. 

944. 

952 

968 


COMP. OUT (L) 
COMP . OUT (R) 

deg r 

231 . 

240. 

225. 

225. 

227 

235 


DEG F 

229. 

240 . 

224. 

223. 

225 



CHARGE AIR <L> 

DEG F 

195 . 

193 

189 

186. 

190 


CHARGE AIR (R) 

BIS f f 

195. 

194 

190 

187 

793 

803 

193 


EXH. STACK < R) 

808. 

812. 

794 

817 


EXH. STACK < L) 

DEG F 

799. 

003. 

780 

782 

791 

807 


WATER INLET 

DEG F 

83. 

89 . 

84 

84 

89 

96 


CELL AIR 

DEG F 

68 

94 

82 

03 

86. 

92 


EXHAUST iR 
EXHAUST 2R 

D d! C g F f 

937 

914. 

947. 

920. 

925 

899. 

929 

905 

934 

913. 

946 

921 


EXHAUST 3R 

DEG F 

928 

939. 

915 

91S . 

925 

935 


EXHAUST 4R 

DEG F 

905. 

911 . 

894. 

894 

903 

916 


EXHAUST 5R 

DEG F 

920 

926. 

906. 

099 

910 

928 


EXHAUST 6R 

DEG F 

940 . 

949. 

931 . 

929 

937. 

948 


EXHAUST 1L 

DEG F 

995. 

1001 . 

91S . 

971 

97/ 

99S 


EXHAUST 2L 

DEG F 

952. 

957. 

935 

936 

943 

958 


EXHAUST 3L 

DEG F 

909. 

91S 

894 . 

yoo 

906 

922 


EXHAUST 4L 

DEG F 

921 . 

925 

906. 

899 

912 

923 


EXHAUST 5L 

DEC F 

921 

923 

907. 

V03. 

913 

927 


EXHAUST 6L 

DEG F 

934. 

945 

919 

927 

938 

948 


OIL PRESSURE 

PSI 

75 

76. 

76 

77 

76 

/6 


RAIL PRESSURE 

PS1 

78 0 

89.0 

78.0 

80 0 

78 0 

80 

0 

BOOST <R> 

PSI 

10.9 

10 . 7 

11 . 0 

11 . 0 

10.8 

10 

6 

BOOST (L > 

PSI 

10.7 

10.9 

10.8 

10 5 

10.5 

10 

8 

INLET VAC. <R> 

IN-H20 

12.3 

13.1 

13 6 

13 8 

14 S 

15 

8 

EXH PRESS. <R)PSI 

.3 

3 

. 1 

2 

. 1 


1 

EXH. PRESS. <L>PSI 

.5 

.5 

5 

6 

.5 


S 

TURB . IN. <R> 

IN-HG 

11 . 0 

11 . 0 

no 

11.0 

110 

10 

5 

TURB IN. <L) 

IN-HG 

9.8 

9 8 

9.0 

10 . 0 

9 8 

9 

5 

hULL PRESS. 

PSI 

22 

18. 

20 

20 . 

20 . 

20 


EMULSION PRESS 

PSI 

100 . 

ISO. 

100 . 

100 . 

100 . 

100 


FUEL SUPPLY 

P81 

2 

2. 

2 

3 

2 

2 


WATER PRESS 

PSI 

60 . 

SO 

50 

50 

65 . 

0 


c h M*MideJ:?S c 


m. 

95 

246 

2II 

a»: 




Iff 

911 

Iff. 

742. 

632 




CARBON DIOXIDE 

PCT 

7.0 

7.4 

7.4 

7 4 

7.3 

7 7 


OXYGEN 

PCT 

10 . 0 

10.5 

12.5 

1J 4 

13.2 

9. 


SMOKE OPACITY 

PCT 

0 0 

S . i 

4.2 

4.3 

3.5 

4 . 


HC MASS 

GH-HR 

136 23 

165 36 

110.81 

S0.392 

65.327 

102.49 

tO MASS 

NOX MASS 

K 

GM/BHP-HR 


lift? 

flit 9 ! 

Ilf*’? 

msi 


BSHC 

3113 

3647 

.2535 

.1336 

. 1475 

Z??5 

BSCO 

CM/BHP-HR 

1.4154 

2 7169 

1 2423 

l.1573 

1.1232 

1.0SJ7 

BSNO 

GM/BHP-HR 

6.6618 

8.5346 

B 4237 

5.9613 

6.2647 

S.7870 


113 


■* 







TABLE C-15 
1800 RPM, 


. ENGINE TEST RESULTS, 
10% WATER 


CUMMINS ENGINE, 


DYNAMOMETER CONSTANT; 3000 API GRAVITY OP DIESEL FUEL 3S 3 AT 60F 

H/C RATIO 1.78 


RUN NUMBER 

NOM WATER PCT 


173 

10 

185 

10 

197 

10 

219 

10 

233 

10 

247 

10 


RPM 

LB-FT 

m- 

llil 

mi 

1600 

1257 

1600 . 

1257 

mi 

BAR PRESS 

DRY BULB 

WET BULB 

REL HUMIDITY 
CORR BHP 

CORR BMEP 

IN-HG 

DEG F 

DEG F 

PCT 

HP 

PSI 

29 25 
82 
73. 
65. 
436 5 
112 8 

28.92 

93 

80 

5? 

450 9 
116.0 

29 23 
79 

74 

79 

437 0 
112 5 

29 23 
62. 
73 

65 

437 1 
112.5 

28 98 
83 

75 
69. 
443 1 
114.0 

28 95 
89 
76 . 
55 

447 8 

115.2 

FUEL FLOW 

WATER FLOW 

CALC VOL X 
BSFC 

AIK FLOW 

LB/HR 

CC/MIN 

PCT 

LB/BHP-HR 

LB/M1N 

179.18 
175 1 

9 7 
4087 
81 7 

179 68 
1/i 8 

9 5 
. 3985 
80 8 

177.73 
175.1 
9.8 
4067 
82 6 

178 31 
171 8 
9.6 
4080 

82 2 

177.60 
171 8 

9 6 
4008 
80 7 

179.91 
175 1 
9.6 
. 4018 
79 1 

STOICH F/A 
MEAS F/A 

CALC F/A 

X DIFF 

PCT 

0691 
. 0365 
0332 
-9.21 

0691 
0370 
0349 
-5 76 

0691 
0358 
. 0348 
-2 BS 

0691 
0362 
.0343 
-5 24 

0691 
. 0367 
0346 
-5 67 

0691 
0379 
0369 
-2 71 


COOLANT IN 
COOLANT OUT 
OIL SUMP 
PUtL IN 
FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INI ARE AIR 
TURK INLET (L 
TURD INLET (R 
COMP. OUT (L) 
COMP OUT < R) 
CHARGE AIR <L> 
CHARGE AIR (R> 
EXH STACK <R> 
EXH STACK <L> 
WATER INLE T 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST SR 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST St. 
EXHAUST 61 

OIL PRESSURE 
RAIL PRESSURE 
BOOST <R> 

BOOST < L > 

INLET VAC <R) 
EXH PRESS (R 
EXH PRESS (L 
IURB. IN < R) 
TUR6 IN. <U 
FUEL PRESS 
EMULSION PRESS 
FUEL SUPPLY 
WATER PRESS 


DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
) DEG 
>DEG 
DEG 
DEG 
DEG 
DEG 
DEG 


DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG F 
DEG F 
DEG E 
DEG F 
DEG E 
DEG F 


PSI 

PSI 

PSI 

PSI 

IN-H20 

)PS1 

>PSI 

IN-HG 

IN-HG 

PSI 

PSI 

PSI 

PSI 


HYDROCARBONS PPMC 
CARBON HONOXIDEPPM 
NITRIC OXIDE PPM 
NITROGEN OXIDESPPM 
CARBON DIOXIDE PCT 
OXYGEN PCI 

SMOKE OPACITY PCT 


178. 

173 

172. 

188 

IBS 

184 

222 . 

218. 

217 

109 . 

114 

109. 

153 

156. 

152 

92 

98 

92. 

HO . 

114 

112. 

86 

94 

81 

935 

940 

919 

925 

949 

928 

228 

235. 

222 

226 

234. 

220 

193 

192 

180 

193 

192. 

188 

795 

001 . 

783 

785. 

709. 

769 

97 

106 

96 

88 

96 

81 

924 

930 . 

911 

902. 

906 

8B9 

916 

921. 

904 

891 

096. 

879 

906 

914 . 

895 

927 

933. 

916 

982 

985 

V63 

937 

941 

922 

901 

905 

80S 

910 

911 

893 

906 

911 . 

897 

925 

932 

908 

76 

76 . 

76 

04.0 

83 0 

83 0 

10 5 

10.5 

10 6 

10.0 

1.1 . 0 

10.8 

12 2 

13.0 

13 4 

.3 

2 

2 

. 5 

S 

5 

10 B 

10.8 

11 0 

9.5 

9.5 

9 0 

22 

22 

20 

100 

100 

100 

2 

2 

2 

60 

50 

50 . 

38 

166 

91 

476 

592. 

488 

938 . 

930 . 

888 

900. 

940. 

900 

7.1 

7.5 

7 5 

10.5 

10 7 

12 0 

0 o 

4 5 

3.3 


163 

176 

175 

182 

18B 

186 

216 

219 

219 

109 

ill . 

154 

149 

153. 

1SS 

92. 

94 . 

99 

110 . 

113. 

115 

83 

85 

93 

924 

938 

950 

932. 

945 

959. 

224 

227 

235 

222 

225 

233 

186 

190 

192 

186 

191 

192 

70S. 

790 

010 

770 

786 

800 

97 

98 

1 07 

84 . 

87 

94 

917 

922 

940 

901 

905. 

910 

910 

913 

92B 

887 

892. 

90S 

096 

903 

920 

916 

920 

925 

958. 

963 

903 

922 

930 . 

94S 

898 

voo 

914 

896 

906 

917 

896 

905 

920 

919 

923 

947 

77 

76 

76 

85 0 

83.0 

85 0 

10.5 

10.7 

10 2 

10.5 

10.5 

110 

13.7 

14 4 

15 7 

1 

Q 
. t- 

1 

. 5 

. 5 

5 

10 B 

10.5 

10 5 

9 8 

9 5 

9 5 

20 

20 

20 

100 

3. 

100 

2 

100 

p 

50 

65 

65 

58 . 

54 

70 

212 

193. 

202 

775 

630 

663 

695 

683 

683. 

7 4 

7 5 

8 0 

14 0 

12 0 

11 8 

3.4 

3 0 

3 4 


HC MASS 

S8x M 8Sis 

biiHC 

BSCO 

BONO 


GH-HR 

am 

SM/BHP-HR 

GM/BHP-HR 

GM/BHP-HR 


46,21? 192^62 104^78 67.210 


mu mu 

1054 .4272 

2 


1054 

4929 

0734 


61 831 76,9119 

m i ttm mu - 4i8 - 85 


8698 

3034 


2397 
2.4197 
R 9068 


153B 
0720 
\ P76 


.1395 

947t 

7662 


118.E- 
2744.6 
.1719 
9353 

A « 794 


114 






TABLE C-16. ENGINE TEST RESULTS, CUMMINS ENGINE 
1800 RPM, 15% WATER 


DYNAMOMETER CONSTANTi 3000 API GRAVITY OF DIESEL FUEL> 35 3 AT EOF 
H/C RATIO: I.78 


RUN NUMBER 


174. 

186 

198. 

220 

234. 

248 

NOM WATER PCT 


15 

IS 

15 

15 

IS 

15 

ENGINE SPEED 

RPM 

1800 . 

1800 . 

1800 

1800 . 

1800 

1800 

OBS. TORQUE 

LB-FT 

1257 

1257. 

1257 

1257 

125/ 

1257 

m bC?i ss 



2 M° 

29 b£ 4 

29 b£ s 

29 8r 

28. ? 6 

WLT BULB 

DEG F 

73 

94 

76 

63 

77 . 

77 

REL. HUMIDITY 

PCT 

47. 

80 . 

76. 

64. 

44 

CORR. BMP 

HP 

439.4 

462 6 

438.2 

440 2 

444.0 

448 9 

CORR BMEP 

PSI 

113 i 

119 0 

112 8 

ttJ.3 

114 2 

115 S 

FUEL FLOW 

LB/HR 

178.39 

178.32 

176.90 

176.82 

177.37 

179 00 

WATER FLOW 

CC/MIN 

284 9 

288 5 

208 5 

288.5 

277 7 

284 9 

CALC VOL X 

PCT 

14 9 

15 0 

15 2 

15.2 

14.6 

14.B 

BSFC 

LB/BHP-HR 

4060 

.38SS 

4037 

.4017 

399S 

.3987 

AIR FLOW 

LB/MIN 

81 0 

79 3 

81.4 

80.2 

79.5 

77 6 

STOICH. F/A 


0691 

0691 

0691 

. 0691 

. 0691 

0691 

MEAS F/A 


0367 

0375 

036? 

0368 

.0372 

.0384 

CALC F/A 


0332 

. 0353 

. 0348 

0349 

. 0349 

0372 

X DIFF. 

PCT 

-9.50 

-S 76 

-3 83 

-5 00 

-6 09 

-3.19 

COOLANT IN 

DEG F 

178 

174. 

172 

174 

175 

174 

COOLANT OUT 

DEG F 

189 

Iff: 

184 

186 

186. 

219 

185 

OIL SUMP 

DEG F 

222 

218 

219 

220 

FUEL IN 

DEG F 

110 

114. 

110. 

111 . 

112. 

114 

FUEL RETURN 

DEG F 

152 

157. 

1S1. 

151 

152. 

1S4 

FUEL SUPPLY 

DEG F 

93 

100 

93 

95 

95 

99 

FUEL COOLER 

DEG F 

111 . 

117. 

112 

112. 

113. 

115 

INIAKE AIR 

DEG F 

89. 

75. 

82 

87 

86 

96 

TURB. INLET (L)DEC F 

921 . 

929. 

902 

916 

921. 

935. 

TURB INLET <R)DEG F 

931 . 

939. 

914 

924. 

931 

945 

COMP OUT <L> 

DEG F 

228. 

234 

218 

225. 

225. 

234 

LUMP OUT <R> 

DEG F 

226 

233. 

217 

222. 

223 

232 

CHARGE AIR (L) 

DEG F 

193. 

192. 

107. 

109. 

189 

192 

CHARGE AIR <R> 

DEG F 

193. 

193. 

188 

190 

190 

192 

EXH STACK < R > 

DEG F 

788 

793. 

771 

781. 

786 

802 

F.XH. STACK (L) 

DEG F 

775. 

782 

756 

768 

774 

790 

WATER INLET 

DEG F 

101. 

110 

102. 

104. 

102. 

108 

CELL AIR 

DEG F 

91 . 

99. 

696. 

86 

88 

93’fr 

IM || 

EXHAUST 3R 

DEG F 

915. 

925. 

907 

914 

f f 

ff?: 

901 . 
921 

m.- 

903. 

Ill- 

IH 

EXHAUST 4R 
EXHAUST 5R 

Be e g g f f 

W3: 

914 : 

069 

886 

§93: 

iff 

Ilf: 

EXHAUST 6R 

DEG F 

914 . 

928. 

900 

906 

913 

923 

EXHAUST 1L 

DEG F 

968. 

983 

946 

949 

954 

971 

EXHAUST 2L 

DEG F 

927. 

938. 

908 

916 

920. 

938 

EXHAUST 3L 

DEG F 

891 . 

901 

872 

092 

890 . 

906. 

EXHAUST 4L 

DEG F 

098 

906. 

879 

888 

892 

910 

EXHAUST SL 

DEG F 

902. 

914. 

884 

893 

897 

913 

EXHAUST 6L 

DEG F 

911 

932 

890 

911 

917 

932 

OIL PRESSURE 

PSI 

75 

76. 

76 

76 

76 

7 b 

RAIL PRESSURE 

PSI 

90.0 

88.0 

90 0 

90.0 

88.0 

90 0 

boost an 

PSI 

10.3 

10 2 

10.3 

10.4 

10.2 

10 0 

BOOST (L) 

PSI 

10.9 

10.8 

10.8 

10.5 

10 . i 

10 5 

INLET VAC. <R) 

IN-H20 

12.0 

12.8 

13.1 

13.S 

14.1 

IS.4 

EXH. PRESS (R)PSI 

.3 

3 

.2 

.2 

.1 

. 2 

EXH. PRESS. <L)PSI 

.5 

.5 

.5 

.4 

S 

5 

TURB. IN <R) 
TURB IN. <L) 

K 

‘If 

*?:? 

l U 

10.4 

9.2 

T? 

*?:« 

FUEL PRESS. 

PSI 

22. 

22. 

20. 

20. 

20 . 

i?8 

EMULSION PRESS 

PSI 

100 . 

100 

100. 

100 . 

100 . 

FUEL SUPPLY 

PSI 

2 

2. 

2. 

2 

2. 


watf.r press 

PSI 

60 . 

50. 

SO. 

60 

65. 

65. 

HYDROCARBONS PPMC 

CARBON MONOXIDEPPM 

Zlt. 

m. 

94. 

468 

1§6 

ill 


NITRIC OXIDE PPM 

NITROGEN I3XIDESPPM 

1016. 

983 

???. 

9S0 . 
963 

kl! 

*o 9 I 


CARBON DIOXIDE 

PCT 

7.2 

7.6 

7.5 

7.6 

7.6 

8.1 

OXYGEN 

PCT 

10 3 

6.7 

12 0 

11.9 

13.0 

116 

SMOKE OPACITY 

PCT 

0.0 

4.7 

3.0 

2.6 

3.5 

3 0 

HC HASS 

GM-HR 

55 774 

171.43 

107.30 

60.970 

73 797 

72.733 

Ay* 

BSCO 

M 

GM/BHP-HR 
CH/BHP-HR 

till? 

mi 

2 

«}U 


Ml 

m 

BSNO 

GM/BHP-HR 

9 9733 

14 009 

10.208 

8 3195 

7 2722 

6 7974 


115 
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TABLE C-17. ENGINE TEST RESULTS, 
1800 RPM, 20% WATER 


CUMMINS ENGINE, 


DYNAHOHfcTER CONSTANT 3000 API GRAVITY OT I>1ESIL FUIL 3t> 3 AT M)F 

H/C RATIO 1 7H 


RUN NUMBER 


175 

187 

199 

221 

235 

249 

NOM WATER PCT 


20 

20 

20 

20 

20 

20 

ENGINE SPEED 

RPM 

1800 

1800 

1800 

1000 

1800 

1800 

OPS TORQUE 

LB-FT 

1257 

1257 

1257 

1257 

125/ 

1257 

BAR PRESS 

IN-HG 

29 21 

28 88 

29 24 

29.25 

29 03 

28 95 

DRY BULB 

DEC F 

90 

98 

82 

86 

87 

97 

Wfc T BULB 

DEG F 

73 

84 

76 

76 

77 

79 

REL humidity 

PCT 

44 

56 

76 

63 

64 

45 

CORR BHP 

HP 

440 5 

455 4 

437 6 

43V 6 

445.8 

451 2 

CORR BMEP 

PSI 

113 4 

117 2 

112.6 

113 1 

114.7 

116 i 

FUEL FLOW 

LB/HR 

177 48 

178 02 

176 B2 

176 64 

175 61 

178.35 

WATER FLOW 

CC/MIN 

398 0 

394 5 

594 S 

394 5 

384 0 

394 5 

CALC VOL X 

PCT 

19 7 

19.4 

19.7 

19 7 

19.3 

19 S 

BSFC 

LB/BHP HR 

4029 

3927 

4040 

. 4018 

3939 

3952 

AIR FLOW 

LB/MIN 

79 6 

78 0 

80 8 

00 4 

77 8 

76 2 

STOICH F/A 


0691 

0691 

0691 

. 0691 

. 0691 

. 0691 

ME AS F/A 


0371 

0 382 

0365 

0366 

0376 

0390 

CALC F/A 


0334 

0356 

0357 

0356 

0358 

. 0372 

X D1FF 

PCT 

-10 00 

-6 80 

-2.20 

-2 77 

-4 88 

-4 66 

COOLANT IN 

DEG F 

177 

172 

171 

164 

175 

174 

LOOLANT OUT 

DEG F 

188 

184 

185 

181 

186 

185 

OIL SUMP 

DEG F 

223 

219 

217 

217 

219 

221 

FUEL IN 

DEG F 

110 

115. 

\ 08 

111 

112 

115 

FUEL RETURN 

DEG F 

1S2 

157 

148 

147 

151 

153 

FUEL SUPPLY 

DEG F 

94 

102 

92 

95 

95 

1 00 

FUEL COOLER 

DEG f 

112 

124 

110 

111 

113 

116 

INTAKE AIR 

DEG F 

91 

97 

81 

86 

90 

98 

IURB INLET <L)DEG F 

906 

906 

B87 

B98 

905 

921 

TUkB INLET < R)DEG F 

919 

920 . 

899 

908 

917 

935 

COMP. OUT (L) 

DEG F 

226 

231 

216 

221 

218 

224 

233 

COMP OUT (R) 

DEG F 

227 

232 

215 

222 

232 

CHARGE AIR <L) 

DEG F 

192 

193. 

186 

184 

189 

191 

CHARGE AIR <R> 

DEG F 

193 

194 

; 87 

184 

189 

192 

EXH STACK (R > 

DEG F 

778 

779 

760 

768 

777 

794 

EXH STACK (L) 

DEG F 

764 

765 

745 

752 

762 

7 78 

WATER INLET 

DEG F 

102 

115 

99 

101 

101 

107 

CELL AIR 

DEG F 

94 

100 

83 

88 

VI 

98 

EXHAUST 1R 

DEG F 

901 

915 

880 

896 

905 

921 

EXHAUST 2R 

DEG F 

881 

888 

868 

885 

890 

899 

EXHAUST 3R 

DEG F 

900 

V06 

879 

891 

89/ 

912 

EXHAUST 4R 

DEG F 

DEG F 

873 

885 

853 

b68 

873 

888 

EXHAUST SR 

892. 

905 

881 

884 

890 

903 

EXHAUST 6R 

DEG F 

902 . 

913 . 

888 

894 

898 

912 

EXHAUST 1L 

DEG F 

953 

964 

928 

932 

939 

957 

EXHAUST 2L 

DEG F 

916 . 

923 

896 

906 

913 

928 

EXHAUST 3L 

DEG F 

8/8. 

885 

859 

877 

880 

891 

EXHAUST 4L 

DEG F 

883 

883 

862 

872 

882 

894 

EXHAUST SL 

DEG F 

894 . 

900 

873 

884 

892 

904 

EXHAUST 6L 

DFG F 

904 

914 

883 

902 

904 

920 

OIL PRESSURE 

PSI 

75. 

76 

76 

77 

76 

76 

RAIL PRESSURE 

PSI 

97 0 

98 0 

96 0 

95 0 

96 0 

97.0 

BOOST < R) 

PSI 

10 0 

9 8 

10 0 

10 0 

9 9 

9 8 

BOOST (L) 

PS] 

10 5 

10 0 

110 8 

10 0 

10 0 

10 0 

INLET UAO (R) 

IN-H20 

11.8 

12 / 

12 9 

13 3 

13 9 

15.3 

EXH. PRESS < R ) P S i 

3 

2 

2 

1 

.2 

1 

EXH PRESS <L)PSI 

5 

. 5 

5 

5 

. 5 

5 

IURB. IN < R) 

IN-HG 

10 0 

10 0 

10 2 

10 0 

10 . 0 

10 0 

TURB. IN. ( L.) 

IN-HG 

9.0 

9 0 

9 1 

9 0 

9 0 

9 0 

FUEL PRESS. 

PSI 

22 

22 

20 

20 

20 

20 

EMULSION PRESS 

PSI 

100 . 

100 

100 

100 

too 

too 

FUtL SUPPLY 

PST 

2 

p 

2 

3 

2 

6i. 

WATER PRESS 

PSI 

6 0 

6S 

60 

60 

65 

HYDROCARBONS 

PPMC 

47 

144 

95 

55 

56 

it?: 

CARBON MONOX T DEPPM 

163 

281 . 

448 

164 

148. 

NI1R1C OXIDE 

PPM 

1125. 

1025 

1000 

880 

733 

688 

NITROGEN OXIDESPPH 

lino 

1050 

1013 

70S 

770 

/13 

CARBON DIOXIDE 

PCT 

7.2 

7 7 

7 7 

7 7 

7 8 

e l 

OXYGEN 

PCT 

10.2 

8 8 

119 

11 8 

12 8 

11 6 

SMOKE OPACITY 

PCT 

0 0 

4 0 

2 7 

2 4 

3 3 

2 8 

HC MASS 

GM-HR 

55 778 

163 08 

106 31 

61 570 

61 964 

74.740 

CO MASS 

NOX MASS 

GM-HR 

GM-HR 

368.94 
5145.1 


942 87 
48/2.0 


SKi'J 

m> b i 

BSHC 

GM/PHP-HR 

1266 

3581 

. 2429 

1401 

1390 

1656 

BSCO 

GM/LUP-HR 

83/5 

1.3143 

2 154S 

7032 

6888 

6930 

BSNO 

GM/NHP-HR 

11 611 

12 039 

11 133 

7 5156 

8 0784 

7 0691 


116 



I 
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TABLE C-18. ENGINE TEST RESULTS, CUMMINS ENGINE, 
1800 RPM, 25% WATER 


DYNAMOMETER CONSTANT > 3000 

API 

GRAVITY 

OF DIESEL FUEL 

35 3 AT 

H/C RATIO 1 78 






RUN NUMBER 


176 

200 

222 

236 

250 

NQM WATER PCT 


25 

25 

25 

25 

25 

ENGINE SPEED 

RPM 

1800 

1600 

1800 

1800 

1800 

OBS TORQUE 

LB-FT 

1257 

1257 

1257 

1257 

1257 

BAR PRESS 

IN-HG 

29 19 

PO 

< 

ro 

O' 

29 25 

29 03 

28 92 

DRY BULB 

DEG F 

90. 

81 

86. 

91 

98 

WET BULB 

DEG F 

73 

75 

76 

7V 

77 

REL. HUMIDITY 

PCT 

44. 

76 

63 

59 

39 

CORK. BHP 

HP 

440 3 

436 9 

441 9 

443 9 

450 7 

CORR. BMEP 

PSI 

113 3 

112 4 

113 7 

114.7 

116.0 

FUEL FLOW 

WATER FLOW 

LB/HR 

178 04 

176.54 

176.64 

176 71 

179.43 

CC/MIN 

478.9 

494 2 

501 7 

501.7 

50i .7 

CALC VOL X 

PCT . 

22.8 

23.5 

23.7 

23 7 

23.4 

BSFC 

LB/BHP-HR 

4044 

4041 

3998 

3963 

3901 

Aik FLOW 

LB/MIN 

79.8 

80 1 

77 7 

77.9 

76.1 

STOICH F/A 


0691 

. 0691 

. 0691 

P691 

. 0691 

MEAS F/A 


0372 

0368 

0379 

0378 

0393 

CALC F/A 


0334 

. 03S6 

. 0358 

. 0362 

036$ 

X DIFF 

PCT 

-10 05 

-3 00 

-5 39 

-4.07 

-6.10 

COOLANT IN 

DEG F 

177 

174. 

162. 

174. 

176. 

COOLANT OUT 

DEG F 

188 

186 

180 

185. 

186. 

OIL SUMP 

DEG F 

223 

219 

217. 

219 . 

221 

FUEL IN 

DEG F 

110 . 

109 

112 

112. 

117 

FUEL RETURN 

DEG F 

150 . 

149 

147 

149. 

154 

FUEL SUPPLY 

DEG F 

95 

93 

97 

95. 

102 

FUEL COOLER 

DEG F 

110. 

111 . 

112. 

113. 

117 

INTAKE AIR 

f F 

90 . 

81 . 

90 

89 

V9 

TURB. INLET <L1 

892 

872 

881 . 

884 

909 

TURK INLET <R)DEG F 

906. 

886 

094 

VOO 

924 

COMP. OUT (L) 

DEC K 

225 

213 

221. 

221 . 

232 

COMP. OUT <R) 

DEG F 

222. 

212. 

219 

219. 

230 

CHARGE AIR <L) 

DEG F 

191 

187 

184 

188 

192 

CHARGE AIR (R) 

DEG F 

191 

188 

184 

188 

192 

EXH. STACK <R> 

DEG F 

769. 

749. 

758. 

765 

787 

EXH. STACK (L) 

DEG F 

754 

733 

74? 

746. 

771 

WATER INLET 

DEG F 

too. 

99. 

102. 

100 

109 

CELL AIR 

DEG F 

94 

80 

c 0 . 

92. 

100 . 

EXHAUST 1R 

DEG F 

893. 

872 

881 . 

894. 

907 

EXHAUST 2R 

DEG F 

824. 

857 

668 

876. 

864 

EXHAUST 3R 

DEG F 

893 

853 

680 

888 . 

BY9 

EXHAUST 4R 

DEG F 

864. 

849 

853 

867. 

877 

EXHAUST SR 

DEC F 

889 

873 

875 

882. 

897 

EXHAUST 6R 

DEG F 

883 

878 

800 . 

094 

905 

EXHAUST 1L 

DEG F 

940 

917 

908. 

920 . 

939 

EXHAUST 2L 

DEG F 

907 

889 

894 

905 

919 

EXHAUST 3L 
EXHAUST 4L 

DEG f 

DEG F 

868 

874 

848 

855 

855 

833. 

867 

867 

8/7 

079 

EXHAUST 5L 

DEG F 

885. 

872 

875. 

882 

894 . 

EXHAUST 6L 

DEG F 

894. 

e72 

860 

894 

908 

OIL PRESSURE 

PSI 

75 

76 

77. 

76 

76. 

RAIL PRESSURE 

PSI 

102.0 

104.0 

107 0 

112.0 

105.0 

BOOST <R> 

PSI 

9.8 

10 . 0 

9. B 

9.7 

9.5 

BOOST (L) 

PSI 

9.8 

10 . 0 

10.0 

10 0 

9.0 

INLET VAC <R) 

IN-H20 

11.7 

12.7 

13.0 

13 6 

13 1 

EXH. PRESS. (R)PSI 

3 

. 1 

. 1 

. 1 

1 

EXH. PRESS. (L.)PSI 

.5 

. 3 

.5 

S 

. 5 

TURB. IN <R> 

1N-HG 

10.0 

10 . 0 

10.0 

10 0 

10.0 

TURB. IN. (L) 

IN-HG 

9.0 

9.0 

9.0 

88 8 

8 8 

FUEL PRESS. 

PSI 

22. 

20 . 

20 

20 

20 

EMULSION PRESS. 

PSI 

100 . 

100 

100. 

100 . 

100 . 

FUEL SUPPLY 

PSI 

2. 

2 

3 

2 

2. 

WATER PRESS. 

PSI 

60. 

60 . 

70 

62 

65. 


i i$: 

m 

ill 

ilt 

i*S: 

NITRIC OXIDE 

PPM 

use 

1113. 

770 

780 

74e 

NITROGEN 0XIDE5PPH 

t 163. 

1113 

750 

795. 

763 

CARBON DIOXIDE 

PCT 

7.2 

7.7 

7 8 

7 9 

8.0 

OXYGEN 

per 

to 0 

11 9 

12.5 

13.3 

113 

SMOKE OPACITY 

PCT 

0 0 

2.4 

2.2 

3.1 

2.B 

HC MASS 

GM-HR 

55.392 

111.82 

61 187 

60.594 

75.734 

CO MASS 

NQX MASS 

BSHC 

GM-HR 

GM-HR 


IMd 5 ? 

$12*1 

4 3 $Ji 6 8 4 


GH/BHP-HR 

. 1258 

2560 

.1385 

. 1359 


B3C0 

GM/BNP-HR 

. S406 

2.0613 

.6982 

. 6989 

NS'NO 

GM/BHP-HR 

12 862 

12.819 

B 4027 

9.0196 

7.8030 


117 









TABLE C-19. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 500 RPM 


DYNAMOMETER CONSTANT 2000 

API 

GRAVITY 

OF DIESEL FUEL 

33 9 AT 

60F 


H/C RATIO 1.8L 










RUN NUMBER 



1 . 

7 . 

13 

47 

48 

49 

50 

NOM, WATER PCT 



0 

0 . 

0 . 

0 

5 

10 

15 

ENGINE SPEED 

RPh 


600 . 

600 

600 . 

600 . 

600 

600 

600 

OBS TORQUE 

LB-FT 

386 

386 . 

386 

386 . 

386. 

386 

386 

BAR PRESS 

IN-HG 

29.26 

29.30 

29.07 

29.02 

29.03 

28.99 

26.94 

DRY BULB 


DEG 

F 

72. 

70 . 

72. 

72. 

78, 

79. 

69 

WET BULB 


DEG 

F 

64. 

63. 

66. 

59. 

60 

61 

56 

REL. HUMIDITY 

PCT 


6S . 

68. 

73 

46. 

34 

35. 

44 

LORR BHP 

HP 


43.6 

43.6 

44 6 

44 5 

44 4 

44 6 

44 4 

CORR BMEP 

PSI 


16.1 

16.1 

16.5 

16,4 

16.4 

16 5 

16 4 

FUEL FLOW 

LB/HR 

24.89 

24.41 

24.60 

23 82 

23.43 

24 22 

24.60 

WATER FLOW 

CC/MIN 

0 . 0 

0 0 

0 . 0 

0 . 0 

11 5 

20.6 

33 8 

CALC. VOL X 

PCT 


0 0 

0.0 

0 . 0 

0 0 

5.2 

8 7 

13 3 

BSFC 


LB/BHP-HR 

.5712 

.5604 

.5515 

5358 

.5279 

.5431 

5542 

AIR FLOW 

L 

LB/MIN 

24.0 

23.1 

22 6 

22 5 

22.3 

22.1 

22 0 

AIR FLOW 

R 

LB/MIN 

24.7 

23,6 

23 0 

21 6 

21.2 

21.1 

21 2 

COOLANT IN 

DEG 

F 

179 . 

177. 

179 

180 . 

179 

179 

182 

COOLANT OUT 

DEG 

F 

184. 

183 

183 . 

185. 

184 

184 

187 

OIL SUMP 


DEG 

F 

193 . 

194. 

192 

192. 

191 

192 

194 

FUEL IN 


DEG 

F 

95. 

93. 

92 

97. 

93 

92. 

98 

FUEL RET 

JRN 

DEG 

F 

119. 

119. 

116. 

121 

117 

115 

119 

FUEL SUPPLY 

DEG 

F 

98. 

91 . 

102 

116. 

112 

112 

112 

FULL COOLER 
INTAKE AIR <RF 

DEG 

F 

93 

93 

90 . 

95. 

90 

90 

96. 

DEG 

F 

74 

81 . 

85 

82. 

84. 

85 

85 

INTAKE AIR <RR)DEG 

F 

75. 

80 . 

78 

81 . 

84 

84 

04 

INTAKE AIR <LF)DEG 

F 

73 

78. 

78 

81 . 

83. 

85 

82 . 

INTAKE AIR ( LR >DEG 

F 

73 

77 

80 

82 

84 

85 

82 

HP AIR (RF) 

DEG 

F 

84 

92. 

88 

92 

93 

94 

92 

HP AIR (RR) 

DEG 

F 

85 

93. 

89 

92. 

94 

94 

93 

HP AIR <LF) 

DEG 

F 

85. 

91 . 

91 

93. 

95 

96 

93 . 

HP AIR (LR) 

DEG 

F 

84 

88. 

89. 

91 

92 

94 

91 

EXH. STACK 

DEG 

F 

299 

346 . 

301 

307 

303. 

30 0 

297 

WATER INLET 

DEG 

F 

69. 

69 

78. 

80 . 

81 

81 

84 

CELL AIR 


DEG 

F 

69. 

70 . 

80 

82. 

82. 

84 

80 

EXHAUST 1R 

DEG 

F 

319. 

320 . 

324 

330 . 

326 

324 . 

328 

EXHAUST 2R 

DEG 

F 

306 

310 . 

310 . 

315 

315. 

315 

315 

EXHAUST 3R 

DEG 

F 

305 . 

306 

305 

308 

305 

304 . 

307 

EXHAUST 4R 

DEG 

F 

313 . 

313 . 

316 

314 

312. 

311 

314 

E.XHAUST 5R 

DEG 

F 

303. 

303 . 

308 

306 

303 

303 

344 

EXHAUST 6R 

DEG 

F 

299 

290 . 

297 

306 

302. 

301 

305 

EXHAUST 1L 

DEG 

F 

337. 

344. 

342 

337 . 

332 . 

331 

333 . 

EXHAUST 2L 

DEG 

F 

320 

323. 

324 . 

328 

327 . 

319 

370 

EXHAUST 3L 

DEG 

F 

316, 

ill: 

321 . 

324 

318 

316 

316 

EXHAUST 4L 

DEG 

F 

326 . 

330 

330 

328 

325 

386 

EXHAUST 5L 

DEG 

F 

331 . 

339 . 

337 

342 

338 

335 

335 

EXHAUST 6L 

DEG 

F 

335. 

339. 

340 

338. 

337. 

333 . 

331 

OIL PRESSURE 

PSI 


20 0 

18.0 

19.0 

19 0 

19.0 

19 0 

19.0 

FUEL SPILL 

PSI 


20.0 

20.0 

22.0 

20.0 

20 0 

20.0 

80 0 

BOOST (RF) 

PSI 


0.0 

0 0 

0 0 

0 . 0 

0 0 

0 , 0 

0 0 

BOOST (RR) 

PSI 


0 . 0 

0 . 0 

0 0 

0 0 

0 0 

0 0 

0 (1 

BOOST (LF) 

PSI 


0 0 

0 . 0 

0 . 0 

0 0 

0 0 

0 0 

0 0 

BOOST (LR) 

PSI 


0 0 

0 . 0 

0 . 0 

0 0 

0 u 

o o 

0 0 

AIR BOX 


PSI 


0 . 0 

0 . 0 

0 0 

8.0 

8 0 

8 0 

8 0 

INLET VAC. (RF)IN-H2U 

.5 

4 

.5 

. 5 

5 

5 

c, 

INLET VAC (RR ) IN-H80 

. 6 

4 

. 5 

fk 

. 5 

5 

r; 

INLET VAC (LF)IN-H20 

1 8 

1.7 

1 8 

1 .9 

: . s 

1 8 

1 ft 

INLET VAC ( LR > IN-H20 

1 7 

1.7 

1.8 

1.8 

; 8 

0 0 

i P 

1 & 

EXH PRESS (R)PSI 


0 0 

0 . 0 

0 . 0 

0 0 

0 o 

U 0 

EXH PRESS (L)PS1 


0 . 0 

0 . 0 

0 0 

0 . 0 

!) 0 

0 0 

0 0 

TURB IN 

(RF) 

IN-HU 

0 . 0 

0 . 0 

0 . 0 

9 

8 

8 

a 

mi w 

(RR) 

IN-HG 

0 0 

0 0 

0.0 

9 

8 

8 

p 

(LF) 

IN-HG 

0 . 0 

0 0 

0 0 

. 9 

s 

>J 

p 

m p^ss < lr> 


2 8.8 

2$ . 8 

2 8 8 

20 ? 

20 i 

8 

20 G 

80 8 

EMULSION 

PRESS 

PSI 


100 

100 

1 00 . 

100 

100 

100 

100 

FUEL SUPPLY 

PSI 


4 . 0 

3 7 

4 0 

3.5 

4 i 

4 (1 

4 5 

WATER PRESS 

PSI 


0 . 

0 

0 . 

0 

*30 

50 

50 


118 








TABLE C-20. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 800 RPM, BASELINE 


DYNAMOMETER 
H/C RATIO: 

CgNST ANT: ftOOO 

API 

GRAVITY 

OF DIESEL FUEL■ 

33.9 i 

RUN NUMBER 


2. 

8. 

14. 

40 . 

46. 

NOM. WATER 

PCT . 

0 . 

0 . 

0 . 

0 . 

0 . 

ENGINE SPEED RPM 

800 . 

800 . 

800 . 

800 . 

800 . 

DBS TORQUE 

LB-FT 

591 . 

591 . 

591 . 

591 . 

591 

BAR. PRESS. 

IN-HG 

29.20 

29.29 

29.04 

29 33 

29.13 

DRY BULB 

DEG F 

72. 

74 

74 

71 . 

79. 

WET BULB 

DEG F 

64. 

64 . 

68. 

58 

62. 

REL. HUMIDITY PCT 

65. 

58. 

74 

4S. 

38 

LfiRR . BHP 

HP 

89 8 

89.5 

91.0 

88.4 

90 4 

CORR BMEP 

PSI 

24.9 

24.8 

25.2 

24.5 

25.0 

FUEL FLOW 

LB/HR 

43.10 

43.06 

42.87 

42 IS 

42.43 

WATER FLOW 

CC/MIN 

0.0 

0 . 0 

0 . 0 

0.0 

0.0 

CALC. VOL. 

X PCT. 

0.0 

0 . 0 

0.0 

0 . 0 

0.0 

BSFC 

LB/BHP-HR 

. 4799 

. 4813 

.4710 

4768 

.4692 

A.1R FLOW L 

LB/M1N 

31.9 

31 9 

31.0 

31 0 

30.8 

AIR FLOW R 

LB/MIN 

32.7 

32.6 

31.6 

31 1 

29.8 

COOLANT IN 

DEG F 

180. 

180 . 

181 

180. 

179. 

COOLANT OUT 

DEG F 

186. 

185. 

186 

185 

185 

OIL SUMP 

DEG F 

196. 

196. 

197 

195. 

196. 

FUEL IN 

DEG F 

99 

95. 

95. 

95. 

102. 

PULL RETURN 

DEG F 

120 . 

117. 

117 

118 

123. 

FUEL SUPPLY 

DEG F 

95 

90 . 

91 

96 

108 

EUEL COOLER 

DEG F 

99. 

93. 

93. 

95 

100 

INTAKE AIR 

(RF)DEG F 

79 

85. 

89. 

76 

87. 

INTAKE AIR 

(RR)DEG F 

79 

85. 

81 

75. 

86 . 

INTAKE AIR 

(LF)DEG F 

80 . 

79. 

78 

72 

84. 

INTAKE AIR 

(LR)DEG F 

81 . 

79 

BO 

74. 

84. 

HP AIR (RF) 
HP AIR <RR) 

DEG F 

92 

9B 

95 

90 . 

100 

DEG F 

93. 

98. 

95 

90. 

100 . 

HP AIR (LF) 

DEG F 

93. 

92 

95 

89. 

99 . 

HP AIR <LR) 

DEG F 

94. 

92. 

93. 

88. 

97. 

EXH. STACK 

DEG F 

362. 

368. 

370 

379 

3 /8. 

WATER INLET 

DEG F 

75 

73. 

75. 

78. 

87 

CELL AIR 

DEG F 

75. 

75. 

78 

71 

82 

exhaust ir 

DEG F 

385 

386 

393 

402. 

402 

EXHAUST 2R 

DEG F 

368 

371 . 

375. 

381 

380 

EXHAUST 3R 

DEG F 

363. 

360 . 

370 

370 

368. 

EXHAUST 4R 

DEG F 

377 

375 

381 

384 

382 

EXHAUST SR 

DEG F 

364. 

384. 

370 

370 

370 

EXHAUST 6R 

DFG F 

368. 

364 . 

368 

373 

372 

EXHAUST 1L 

DEG F 

418 . 

418 . 

426 

431 . 

426. 

EXHAUST 21 

DEG F 

396 . 

398 

403 

406 

400 

EXHAUST 3L 

DEG F 

381 . 

381 

386 

390 . 

388 

EXHAUST 4L 

DEC F 

407 

411 . 

414 

416 

420 

EXHAUST SL 

DEG F 

413. 

417. 

424 

432 

430 

EXHAUST 6L 

DEG F 

420 

125 

426 

435 

434 

OIL PRESSURE PSI 

26.0 

27 0 

26 0 

26 0 

26 0 

FUEL SPILL 

PSI 

28.0 

29.0 

28.0 

2S 0 

25.0 

BOOST <RF) 

PSI 

.5 

0.0 

0 0 

5 

.5 

BOOST (RR) 

PSI 

1 . 0 

0 . 0 

0 0 

S 

.5 

BOOST (LF) 

PSI 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 . 0 

BOOST (LR > 

PSI 

1 . 0 

0 . 0 

0 0 

5 

5 

AIR BOX 

PSI 

0 . 0 

1 . 0 

0.0 

8 0 

8.0 

INLET VAC. 
INLET VAC. 

(RF)IN-H20 

. 9 

9 

.9 

1 . 0 

1 . 0 

(RR)IN-H20 

1 . 0 

.9 

9 

1 . 0 

1 0 

INLET VAC. 

(LF)IN-H20 

2.6 

2.7 

2 8 

2.8 

2.8 

INLET VAC. 

(LR)IN-H20 

2.7 

2.6 

2 8 

2 7 

2.8 

EXH. PRESS 

(R)PSI 

0.0 

0.0 

0 0 

0.0 

0 . 0 

EXH. PRESS. 

(L)PSI 

0 0 

0.0 

0.0 

0.0 

0.0 

TURB. IN. (RF) IN-HG 

0 0 

8 

0.0 

1.8 

1.8 

TURB. IN. (RR) IN-HG 

0.0 

.8 

0.0 

18 

1.7 

TURB. IN. (LF) IN-HG 

0 . 0 

8 

0 0 

1.8 

1.7 

TURB. IN. (LR) IN-HG 

0 . 0 

.8 

0 . 0 

1.8 

1.7 

FUEL PRESS. 
EMULSION Pft 

PSI 

ESS.PSI 

20 0 

100 . 

20.0 

100 . 

20.0 
100 

20.0 
100 

20.0 
100 

FUEL SUPPLY 

PSI 

4.5 

3.7 

3 5 

3 0 

3.7 

WATER PRESS 

PSI 

0 . 

0 . 

0 

0 . 

0 . 
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TABLE C-21. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 800 RPM, WITH WATER ADDITION 


DYNAMOMETER CONSTANT = ZOOO. 
H/C RA TIO: 1.82 

kUN NUMBER 
NOM. WATER PCT. 


API GRAVITY OP DIESEL FUEL. = 33.9 AT 60F 


41 


A3 

10 


43 

IS 


44. 

20 . 


45 

25. 


ENGINE SPEED 
UBS. TOROUE 


RPM 
LB-FT 


BOO . 
591 


800 
591 . 


BOO 
591 . 


800 
591 . 


800. 
591 . 


BAR. PRESS. 
DRY BULB 
WET BULB 
REL. HUMIDITY 
CORR. BHP 
CORR BMEP 


IN-HG 
DEG F 
DEG F 
PCT 
HP 
PSI 


29 32 
80 . 
60 
29. 
89 . B 
24.9 


29.30 
B0 . 
61 
32 
90.0 
24.9 


29.26 

80 . 
61 . 
32 

90.3 
25.0 


29.21 
79 
59 . 
29 

89 9 
24.9 


’9 17 
79. 
59 
29 

90.5 
25 0 


FUEL FLOW 
WATER FLOW 
CALC. VOL. 
BSFC 

AIK FLOW L 
AIR FLOW R 


LB/HR 
CC/MIN 
PCT . 

LB/BHP-HR 

LB/MIN 

LB/MIN 


42.60 
19.7 
4.9 
.4742 
31.1 
30.0 


42.83 
40.0 
9 4 
. 4760 
30 9 
30.0 


43.28 
66.4 

14.6 
. 4791 

30.6 
30.6 


44.19 
90 9 
18.6 
4916 
31.6 
30.0 


43.69 
119.3 
23.3 
. 4829 
30 6 
2V 9 


COOLANT IN 
COOLANT OUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 
FUEL SUPPLY 
TULL COOLER 
INTAKE AIR <RF 
INTAKE AIR <RR 
INTAKE AIR <LF 
INTAKE AIR (LR 
HP AIR <RF) 

HP AIR < RR ) 

HP AIR (LF) 

HP AIR (LR) 
EXH. STACK 
WATER INLET 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
f:xhaust 5R 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST 5L 
EXHAUST 6L 


DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
) DEG 
)DEG 
) DEG 
>DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG . 
DEG P 
DEG F 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 
DEG 


F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 


100 . 
185 
197 . 
103 
123. 
101 . 
102 . 
86 
85. 
84 . 
85. 
99 
99. 
100 . 
99 

378. 
78. 
84 

400 . 

379. 
366. 
380 . 
369 
372. 
426 . 

401 . 
388. 
415 . 
424. 
428. 


160 
186 
197 . 
104 . 
123. 
102 
102 
89 
89. 
86 . 

1 ?3 . 
103 
102 . 

Iff: 

83 
84. 
396. 
376 
366. 
378. 
366 
373 . 
417 
395 . 
384 
411 . 
421 . 
424 . 


181 . 
186 
197 
99 
118. 
101 . 
97. 
88 . 
BB 

85. 
B7 . 

102 . 
102 . 
101 
100 . 
368. 
85 

86 . 
392. 

375. 
363. 

376. 
363 
371 

411 . 
389. 
379 
404 

412 
416 


180 . 
185 
198. 
99 
117 . 
100 . 
98. 
85 
85. 
82 

f«: 

99 
97 . 
96. 
363 . 
83. 
82. 
390. 
376 
364. 
373. 
362. 
370 . 
405. 
3B5 
376 
399. 
407. 
409. 


179 
185 . 
197 . 

95. 
114 
100 . 
93 . 
88 . 

8 : 

iSI: 

102. 

102 . 

ill 

83. 
86 . 
388 
.574 
364 
373 
362 
369. 
404 
384 . 
375. 
401 . 
107. 
109 


OIL PRESSURE 
FUEL SPILL 
BOOST (RF) 
BOOST (RR) 
BOOST (LF) 
BOOST (LR) 
Aik BOX „ 
INLET VAC. 
INLET VAC. 
INLET VAC. 
INLET VAC. 
EXH. PRESS. 


(RF 

(RR 

(LF 

(LR 

<R 


tXH. PRESS. (L 
TURB. IN. (RF) 

IJSt: M: ll/l 

EMULSION PRESS 
-UEL SUPPLY 
4ATER PRESS. 


PSI 

PSI 

PSI 

PSI 

PSI 

PSI 

PSI 

)IN-H20 
HN-H20 
>IN-H20 
)IN-H20 
>PSI 
>PSI 
IN-HG 
IN-HG 
IN-HG 
N-HG 


w? 

PSI 

PSI 

PSI 


26.0 
25.0 
.5 
.5 


28:8 
100 . 
3.0 
50 . 


26.0 
25.0 
.5 
.5 
0.0 
.5 

f:l 
1 . 0 
2.8 
2.8 
0. 0 
0.0 
1.8 
1.8 
1.8 

zl . ? 
100 . 
3.5 
50 . 


26 0 
27.0 
.5 
.5 
0 . 0 
.5 
85 

i 


26 

27 


2 . 

0 . 

0 . 

1 . 

1 .7 
1.7 

aH 
100 . 

4.0 
50 . 


D 
0 
5 

. 5 

0,0 

?:! 


. 0 
2.8 

2.7 
0 0 
0.0 
1 8 

1.8 
1 . 8 

2&.§ 
100 . 

4 S 
50. 


26 0 
27.0 

. 5 
.5 
0.0 

t :8 
1 .0 
2.8 
2.8 
0.0 
0 0 
1.8 
1 .7 
1.7 

100 . 
5.0 
50 . 


120 





TABLE C- 

•22. 

ENGINE TEST RESULTS, DETROIT DIESEL 





ENGINE, 

1000 

RPM, BASELINE 







DYNAMOMETER CONSTANT •• %OO0- 

API GRAVITY 

OF DIESEL FUEL: 

33 9 AT 

6 OF 




H/C RATIO: 1 82 










RUN NUMBER 


3. 

9 

15. 

19. 

25. 

51 . 

57. 

65. 

71 

NON HATER PCT 


0 . 

0. 

0 . 

0 . 

0 . 

0 . 

0. 

0 

0 

ENGINE SPEED 

RPM 

1000 . 

1000 . 

1000 . 

1000 . 

1000 . 

1000. 

1000 . 

1000 

1000 

OBS TORQUE 

LB-FT 

877. 

877 

877. 

877. 

877. 

877 

877 

877 

877 

BAR PRESS. 

IN-HG 

29.17 

29.26 

28.99 

29.33 

29.2S 

29.29 

29 15 

29.07 

29.00 

DRY BULB 

DEG F 

72. 

72 

74 . 

73 . 

73 

62. 

68. 

67 

71 

WET BULB 

DEG F 

64. 

64. 

68. 

66. 

67. 

55. 

62. 

62. 

64 

REL. HUMIDITY 

PCT 

6S. 

65. 

74 . 

69 . 

73. 

64 

72 

76 

69 

LORR. BHP 

HP 

167.0 

165 9 

169.6 

166.4 

168.4 

162 9 

166 2 

168 2 

167 2 

CORR BMEP 

PSI 

37.0 

36.7 

37.6 

36 9 

37.3 

36.1 

36 8 

37.3 

37 0 

FUEL FLOW 

LB/HR 

72.43 

72.17 

71.76 

72.25 

72 43 

71 91 

73.17 

71 97 

71 32 

WATER FLOW 

CC/MIN 

0.0 

0 . 0 

0 . 0 

0.0 

0 0 

0.0 

0 0 

0 0 

0.0 

CALC. VOL. X 

PCT. 

0.0 

0.0 

0 . 0 

0 . 0 

0 . 0 

0 0 

D 0 

0 0 

0 0 

BSFC 

L6/BHP-HR 

.4336 

.4351 

.4230 

. 4341 

. 4301 

4416 

4403 

4278 

4265 

AIR FLOW L 

LB/M1N 

40.7 

40.7 

39.8 

40.9 

39.9 

41.4 

41 0 

39 6 

41.0 

AIR FLOW R 

LB/MIN 

41.8 

42.0 

40 8 

41.5 

40.2 

41.6 

40 8 

40.2 

39 9 

COOLANT IN 

DEG F 

179. 

179. 

179. 

177 

182 

178 

176 

178 

174 

COOLANT OUT 

DEG F 

IBS . 

186. 

186. 

184 . 

188. 

184. 

182 

184 

182 

OIL SUMP 

E® f 

m. 

201 . 

201 . 

200 . 

202. 

198. 

197 

198 

198 

FUEL IN 

99. 

99. 

too 

100. 

103. 

100 

97 

100 

FUEL RETURN 

DEG F 

122. 

120 . 

121 . 

181 . 

121 . 

122. 

120 

119 

120 

FUEL SUPPLY 

DEG F 

89. 

86 

87. 

86. 

88. 

85. 

84 

81 

88 

FUEL COOLER 
INTAKE AIR <RF) 

M f f 

Ti. 

96 

89. 

98. 

89. 

100 . 

84 . 

99 

89 

‘Jf: 

‘il: 

»: 

»: 

INTAKE AIR <RR)DEG F 

81 . 

89. 

89. 

84 . 

89. 

72. 

B1 . 

78 

79 

INTAKE AIR (LF)DEG F 

79 

80 

82. 

81 

86 

68. 

75. 

73. 

77 

INTAKE AIR (LR >DEG F 

81 . 

80. 

83. 

82. 

86 

6e 

75. 

73 

78 

HP AIR (RF) 

DEG F 

102. 

Ill . 

ill . 

106. 

110 

92 

102. 

98 

98 

HP AIR (RR) 

DEG F 

103. 

Ill 

Ill . 

107. 

111 . 

93. 

102. 

99 

99. 

HP AIR <LF) 

DEG F 

103 

103. 

107. 

106 

110 

92. 

98 

96 

99 

HP AIR <LR > 

DEG F 

103. 

103 . 

104. 

105. 

109 

90 

96. 

94 

100 

EXH. STACK 

DEG F 

442. 

451. 

453. 

461 . 

457. 

468 

472 

476 

469 

WATER INLET 

DEG F 

74. 

78. 

76. 

79. 

79. 

70 . 

73. 

73. 

75. 

CELL AIR 

DEG F 

76 

73. 

80 . 

76 . 

B2 

64 

72. 

79. 

72. 

EXHAUST 1R 

DEG F 

479 

485 

489. 

4B6. 

494 

481 

487 

486 

479. 

EXHAUST 2R 

DEG F 

459. 

463 . 

469. 

466 

472 

459 

459 . 

463 

458 

EXHAUST 3R 

DEG F 

466 

466. 

475. 

476. 

473. 

455 

460 . 

457. 

452. 

EXHAUST 4R 

DEG F 

477. 

481 

487. 

481 

481 . 

466. 

469. 

474 

471 

EXHAUST SR 

^g g f f 

462. 

464 

466. 

466. 

466. 

447. 

488. 

46^ 

**2 

EXHAUST 6R 

465. 

470 . 

474 . 

474. 

480 . 

460 . 

457. 

458 

EXHAUST 1L 

DEG F 

S05 . 

508. 

514 . 

512. 

514. 

527. 

527. 

535 

528 

EXHAUST 2L 

DEG F 

495 

499 . 

504 

505 . 

S09. 

522, 

S24 

533. 

526. 

EXHAUST 3L 

DEG F 

471 . 

476 

4G3 . 

480 

480 . 

495. 

497 

506. 

500 . 

EXHAUST 4L 

DEG F 

495. 

503 

505 . 

506. 

567. 

524. 

526. 

483. 

474 

EXHAUST 5L 

DEG F 

508. 

518. 

523 

519. 

52) . 

537. 

544 

549 

544 

EXHAUST 6L 

DEG F 

534 . 

537 

537. 

543 . 

538. 

557. 

552. 

S68 

563 

OIL PRESSURE 

PSI 

34.0 

35.0 

34.0 

36 0 

34.0 

34.0 

35 0 

35 0 

35 0 

FUEL SPILL 

PSI 

37.0 

37.0 

37.0 

36.0 

36.0 

35.0 

35.0 

35 0 

35 0 

BOOST (RF) 

PSI 

1 0 

1 . 0 

1 0 

1 . 0 

i . 0 

1 . 0 

1.0 

1 0 

1 . 0 

BOOST (RR) 

PSI 

1 . 0 

1.0 

1 , 0 

2.0 

2 0 

0 0 

0 . 0 

0 0 

0 . 0 

BOOST (LF) 

PSI 

0 . 0 

1 0 

1 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 . 0 

0.0 

BOOST (LR) 

PSI 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

AIR BOX 

PSI 

0 . 0 

2.0 

4.0 

4.0 

5.0 

10.0 

10.0 

10.0 

10.0 

INLET VAC. (RF)IN-H20 

1 6 

1 .7 

1 5 

1.6 

1.6 

1.5 

15 

1.5 

1.4 

INLET VAC. (RR)IN-H20 

1.7 

1.7 

1 . 6 

1.7 

1.5 

1.5 

1.5 

1.6 

1.6 

INLET VAC. (LF>IN-H20 

3.9 

3.8 

4 . 0 

4 . 0 

3.9 

3.9 

4.0 

4.0 

4.0 

INLET VAC, (LR)IN-H20 

EXH. PRESS. (R)PSI 

M 

H 

3 9 

0 . 0 

0 j o 9 

It 

u 

i.t 

o 4 8 

n 

EXH. PRESS. (L)PSI 

0 . 0 

0 . 0 

0 0 

0 . 0 

0.0 

0 . 0 

0 . 0 

0.0 

0 . 0 

TURB. IN (RF) 

IN-HG 

0 0 

1.2 

1.2 

3.7 

2.4 

3.2 

3.1 

3.1 

3 0 

TURB IN. (RR) 

IN-HG 

0 , 0 

.8 

1 . 2 

3.7 

2.4 

3 1 

3.1 

3.2 

u 

TURB IN. (LF) 

IN-HG 

0 . 0 

1 . 0 

1 0 

3.7 

2 4 

3.0 

3.1 

3 1 

TURB. IN. (LR) 

IN-HG 

0 0 

8 

1 2 

3 7 

2.4 

3,2 

3.3 

3.2 

3 2 

FUEL PRESS. 

PSI 

20.0 

20.0 

20.0 

20 0 

20 0 

20 0 

20 0 

20.0 

20 0 

£® S 48M? ESS 

.PSI 

100 

100 

100 . 

100 

100 . 

100 . 

100 

100 

100 . 

PSI 

4.2 

3.7 

3.5 

3.5 

3.2 

2 S 

3.7 

2 S 

3.5 

WATER PRESS. 

PSI 

0 

0 . 

0 . 

0 . 

0 . 

0 

0 

0 

0 
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TABLE C-23. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1000 RPM, 5, 10, 15% WATER 


H/C A RATIO ER l C §a STANT ' 2,000 GRAVITY OF DIESEL FUEL; 33.9 AT 60f- 


RUN NUMBER 

NOH WATER PCT 


20 

5 . 

52 

5 . 

66 

5 

21 . 

10 

S3 

10 . 

67 . 

10 

22, 
15 . 

54 

15 

68 

15 

ENGINE SPEED 
OBS. TORUUE 

RPM 

LB-FT 

1000 . 
877 

1000 

877 

1000 

377 

1000 
877 . 

1000 

877 

1000 . 
877. 

1000 

877 

1000 

877 

1000 

877 

BAR PRESS 

DRY BULB 

WET BULB 

REL. HUMIDITY 
CURR BHP 

CORR. BMEP 

IN-HG 

DEG F 

DEG F 

PCT 

HP 

PSI 

29.33 

73. 

66 . 

69 

168 2 
37 2 

29 30 
62. 

55 . 

64 

163.2 
36 2 

29 08 
67 

62 . 

76 . 
167 1 
37 .0 

29 33 
73 

66 

69, 
168 6 

3 7.3 

29.28 
68. 
58. 

55 

164.3 
36 4 

29 09 

72. 
66. 

73. 
167 9 

37.2 

29.31 

72. 

66. 

73 . 
168.8 
37.4 

29.25 

68 

58 
SS. 
164.5 
36 4 

29 09 

72 
66. 

73 

167,9 
37 2 

FUEL FLOW 

WATER FLOW 

CALC. VOL % 
BSFC 

AIR FLOW L 

AIR FLUU R 

LB/HR 

CC/MIN 

PCT . 

LB/BHP-HR 

LB/M1N 

LB/MIN 

72 55 

33.8 

4 9 

4314 

39.8 
40.7 

71.96 
32 3 
4.P 
. 4408 

41 4 

41.5 

71 68 
30 8 

4 6 
4290 

40.4 
40.2 

73.1 i 

66.4 

V . 2 
4337 

39 5 

40 1 

72 06 
69 7 
9.7 
4385 

40 8 

41,1 

72 35 
66.4 
9.3 
. 4309 

40 5 
40.3 

73 34 
1110 

14 4 
. 4345 
39.5 

40.1 

72.52 

109.5 

14 4 
4409 
40.9 

41 3 

72 37 
111.0 
14.6 
. 4310 
40.2 
40 0 


COOLANT IN DEG F 

COOLANT OUT DEG F 

U1L SUMP DEG F 

FUEL IN DEG F 

FUEL RETURN DEG F 

FUEL SUPPLY DEG F 

FUEL COOLER DEG F 

INTAKE AIR (RF)DEG F 
INTAKE AIR < RR)DEG F 
INTAKE AIR < L.F ) DEG F 
INTAKE AIR (LR)DEG F 
HP AIR <RF) DEG F 
HP AIR (RR) DEG F 
HP AIR <LF) DEG F 

DEG F F 

MM?*-" DEG f 

EXHAUST 1R —“ ~ 

EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST 5R 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST 5L 
EXHAUST 6L 


FUEL SPILL 

b*o°o°s S t t Mi 

BOOST <LF) 

BOOST <LR> 

AIR BOX 
INLET VAC 
INLET VAC 
INLET VAC 
INLET VAC. 

EXH. PRESS 

EXH. PRESS __ 

TURB. IN <RF) IN-HG 


tml: IB: Iff! 
HH 

EMULSION PRFSS 
FUEL SUPPLY 
HATER PRESS 


IN-HG 

IN-HG 

IN-HG 

PSI 

PS1 

PSI 

FS1 


177 

184 

199. 

98. 

119 

87 

96 

86 . 

86 . 

84 

85 

107. 

108. 
108 

HI: 

76. 


0 

5.7 

5.7 

5.9 

2 U 
100 . 
3.5 
55 


177 . 
184 
199 
97 
IIS . 
82. 
98. 
73. 
72. 
67. 
68 
92. 
92. 
90 . 
89. 
464 
65. 


DEG F 

489 

473. 

DEG F 

462 

450 

DEG F 

467 

447. 

DEG F 

476 

460 

DEG F 

460 

440 

DEG F 

472 

449 

DEG F 

506 

523 

DEG F 

501 . 

S18, 

DEG F 

469 

482 , 

DEG F 

497 

519. 

DEG F 

515. 

534. 

DEG F 

527 

547. 

E PSI 

35.0 

34.0 

PSI 

36.0 

35.0 

psi 

1 . 0 

1 • 0 

PSI 

2.0 

0 0 

PSI 

0 0 

0 0 

PSI 

1 . 0 

1 . 0 

PSI 

4 0 

10 0 

(RF)IN-H20 

1 6 

1.5 

(RR)IN-H20 

1.7 

1.5 

(LF)IN-H2Q 

4.0 

3 . V 

(LR >IN-H20 

4.0 

3.8 

(R)PSI 

0.0 

. 1 


0 . 0 
3.2 
3.1 
3.1 

100 . 
3.0 
50 


1 80 
186 
801 , 
99 
120 . 
86 
99 
85. 
85 
78. 
76 
104 
104 
100 . 

97. 
474. 
72. 
74 
483. 
457 
453. 
470 . 
452. 
460 . 
533 . 
531 . 
500 . 
481 . 
544 . 
S59. 


34 

35 
1 

0 . 
0 

1 . 
10 
1. 
1. 
4 . 
4 
0 . 
0 . 
3 
3 


3.0 

2#:ff 

100 . 

3.0 
50 . 


179 
185 
200 . 

98. 
120 
89. 
99 
89 
B9. 
B7 
88 . 
110 . 
110 . 
110 . 
110 . 
447 
85. 
86 
487 
460 
463. 
470 . 
460 
467. 
505. 
502. 
469 
499 . 
512. 
526. 


35 

37 

1 

2 

0 

i 

100 

3.6 

55 


181 

187 

201 

98 

118 

85. 

100 

74 

74 

71 

71 

93 

93. 

94. 
93. 

458 
6B . 
70. 
471 
446 
442 
455. 
438. 
449 
519. 
516 
478. 
516. 
525. 
539. 


34 

35 
1 

0 . 
0 

1. 
10 
1. 
1. 
3. 
3 

O'. 

3 . 
3. 
3 


177 

184 
198 
100 
119. 
87. 
100 . 
86 . 
85. 
78. 
78. 

104. 

105. 
100 . 

98. 
466. 
75. 
76 
477 
450. 
447. 
461 . 
445. 
453. 
523. 
525. 
491 . 
477. 
534. 
548. 


20.i 
100 
3.0 
50 . 


35.0 
35.0 
1 . 0 
0 0 
0 . 0 
1 . 0 

1.6 

4.1 
4 0 
0 . 0 
0.0 

3.2 
3.1 
3.0 

zli 

100 . 

3.0 
50. 


182 
188 
203 
99 . 
1 IB 
87. 
98. 
85. 

85 

86 
e6. 

106. 

106. 

108. 

MI: 

86 . 
485 
459. 
458. 
466 
460 . 
466. 
505. 
499. 
466 
495. 
504. 
S18. 


34 

37 

1 


0 

j, 
100 . 
3.7 
6 . 


180 
189 
202 . 
99. 
118. 
86 . 
100 . 
76 
75 
73 
72. 
95. 
95. 
95. 
93. 
454. 
73 
70 
469 
446 
439 
451 . 
438 
444 
515. 
510 . 
476. 
512. 
520 . 
533. 


34 

35 

i 
100 . 
3.7 
50 


0 
. 0 
0 

. 0 
0 
. 0 
. 0 
. 5 
5 
.9 
9 
. 0 
, 0 
. 1 
. 1 
1 


177 
184 . 
199 

98. 
117 . 

87. 

99. 
85. 
85. 
78. 
78. 

104. 
104 
10 0 . 

98. 
461 . 
79 
76. 
473. 
446 . 

441 
4S2 . 

442 

443 
515. 
517 
484 
469 
528. 
538 


34 0 

ISO 

H 

i:8 

Ti 

1.6 

4.0 

M 

0 

3. 


0 

si 

100 

3.3 

50. 
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TABLE C-24. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1000 RPM, 20, 25% WATER 


DYNAMOMETER CONSTANT: 2000. API GRAVITY OF DIESEL FUEL-. 33.9 AT EOF 
H/C RATIO: 1.82 * 


RUN NUMBER 



23. 

55. 

69. 

24 

56. 

70 . 

NOM. WATER PCT 



20 . 

20. 

20. 

25. 

25. 

25. 

ENGINE SPEED 

RPM 


1000 . 

1000. 

1000 . 

1000 . 

1000 . 

1000 . 

OBS TORQUE 

LB-FT 

87? 

877 

8 77 

877. 

877. 

877. 

BAR PRESS. 

IN-HG 

29.29 

29.21 

29.09 

29.27 

29 18 

29.04 

DRY BULB 

DEG 

F 

72. 

69. 

72. 

72. 

69. 

72. 

HE.TMimty 

m 

F 

tf: 

tr¬ 


W: 

60. 

59. 

M: 

CORR. BHP 

HP 


167.6 

igs, o 

167 9 

167 .7 

165.2 

168.2 

CORR. BMEP 

PSI 


37.1 

36.5 

37 2 

37 1 

36.6 

37 .3 

FUEL FLOW 

LB/HR 

73.83 

73.68 

73.02 

73 91 

73.77 

73.53 

WATER FLOW 

CC/MIN 

159.0 

155.9 

1SS.9 

208.0 

208 0 

211 0 

CALC. VOL. X 

PCT 


19.3 

19.1 

19.2 

23.9 

23.9 

24.2 

BSFC 

L6/BHP-HR 

.4405 

.4466 

.4349 

.4407 

.446? 

.4372 

AIR FLOW L 

LB/MIN 

40.1 

40.8 

40.1 

39 9 

41.0 

40 0 

AIR FLOW R 

LB/MIN 

40.3 

41.5 

39.7 

40.3 

41.2 

40.2 

COOLANT IN 

DEG 

F 

179. 

176. 

177. 

179. 

177. 

176 

COOLANT OUT 

DEG 

F 

185. 

182. 

184 

185. 

184. 

183. 

OIL SUMP 

DEG 

F 

201 . 

198 

200 . 

202 

200 . 

200 

FUEL IN 

DEG 

F 

96. 

96. 

97. 

95 

94 

96. 

FUEL RETURN 

DEG 

F 

115. 

114. 

115. 

114. 

112. 

114 

FUEL SUPPLY 

DEG 

F 

88. 

88. 

86. 

87. 

90 

87. 

INT^kFa^RFiSIg 

F 

F 

96. 

87 

*?: 

tl. 

It: 

??. 

2*: 

INTAKE AIR (RR)DEG 

F 

87 

76. 

86. 

85. 

78. 

86 

INTAKE AIR <LF>DEG 

F 

80 . 

73. 

7B. 

81 . 

73 

80 

INTAKE AIR <LR > DEG 

F 

81 . 

72 

77. 

82. 

73 

xll: 

HP AIR (RF) 

DEG 

F 

109. 

9S. 

106. 

106. 

97 

HP AIR < RR ) 

DEG 

F 

109. 

95 

106 

107. 

97 

106 

HP AIR (LF) 

DEG 

F 

104. 

95. 

99. 

104 . 

95. 

102 

HP AIR (LR) 
EXH. STACK 

BIB 

F 

F 

104 . 

439. 

93. 

446. 

97 . 
456. 

103. 
430 . 

93. 

443. 

All 

WATER INLET 

DEG 

F 

85. 

75. 

79. 

83. 

76. 

81 - 

CELL AIR 

DEG 

F 

80. 

70. 

76. 

80 . 

70 . 

76. 

EXHAUST 1R 

DEG 

F 

476. 

463. 

471 . 

471 

463. 

465 

EXHAUST 2R 

DEG 

F 

453. 

447. 

450 . 

451. 

447. 

451 . 

EXHAUST 3R 

DEG 

F 

453. 

432. 

443. 

455. 

433. 

443. 

EXHAUST 4R 

DEG 

F 

456. 

445. 

451 . 

4SS. 

447 

453 

EXHAUST 5ft 

DEG 

DEG 

F 

4^8. 

432. 

441 . 

453. 

433. 

442. 

EXHAUST 6R 

F 

43S. 

443 

463. 

439. 

446 

EXHAUST IL 

DEG 

F 

495 

505. 

510 . 

469 . 

500 . 

504 

EXHAUST 2L 

DEG 

F 

487. 

500 . 

509. 

483. 

495 

504 . 

EXHAUST 3L 

DEG 

F 

456. 

469. 

482 . 

445 

466. 

476. 

EXHAUST 4L 

DEG 

F 

487. 

502. 

464 . 

482. 

496. 

461. 

EXHAUST 5L 

DEG 

F 

492. 

505. 

516. 

487. 

50 . 

510 

EXHAUST 6L 

DEG 

F 

509. 

521 . 

S31 . 

507. 

515. 

523 

UIL PRESSURE 

PSI 


35.0 

35.0 

34.0 

35.0 

35.0 

34.0 

FUEL SPILL 

PSI 


38.0 

35.0 

35.0 

38.0 

36.0 

36.0 

BOOST (RF) 

PSI 


1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1.0 

BOOST <RR > 

PSI 


2.0 

0 . 0 

0 . 0 

2.0 

0 . 0 

0.0 

BOOST <LF) 

PSI 


0 0 

0 .0 

0.0 

0 0 

0.0 

0.0 

BOOST (LR) 

AIR BOX 

PSI 


1 . 0 

1 . 0 

t . 0 

1 . 0 

1 0 

1 . 0 

PSI 


5.0 

10.0 

10 . 0 

5.0 

10.0 

10.0 

INLET VAC. (RF)IN-H20 

1.5 

IS 

1 .6 

1.5 

1.5 

1.6 

INLET VAC (RR)1N-H20 

1.6 

1.5 

1.6 

1.6 

1.6 

1.6 

INLET VAC (LF)IN-H20 

3.9 

4.0 

4.1 

3.9 

3.9 

4 0 


) IN-H20 

)ps: 

l.l 

u 

4.0 

0 . 0 

u 

3 9 

0 0 

3:8 

EXH PRESS (L)PS3 


0 0 

0 0 

0.0 

0.0 

0 0 

0.0 

TURB. IN (RF) 

IN-HG 

3.1 

3 1 

3.0 

3.3 

3.1 

3.1 

m- id. m 

u 

3:1 

n 

3:3 

3:1 

1:8 

TURB IN. (LR) 

IN-HG 

2.9 

3.2 

3.1 

3.3 

3.2 

3.1 

FUEL PRESS 

PSI 


20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

^t s S8W? E8S m 


1# l:s 

*To 

10 J.9 

100. 

4.5 

10 4°.-2 

10 $:o 

WATER PRESS 

PSI 


55. 

50 . 

50. 

55. 

so. 

50 . 
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TABLE C-25. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1000 RPM, FUEL INJECTION TIMING RETARDED 
2.4 DEGREES 


DYNAMOMtTER CONSTANT 2000. 
H/C RATIO: 1 82 

RUN NUMBER 
HUM WATER PCT. 


ENGINE SPEED 
OBS TORQUE 


RPM 

LB-FT 


BAR PRESS. 
DRY BULB 
WET BULB 
REL HUMIDITY 
CURR BHP 
CORR. BMEP 


IN-HG 
DEG F 
DEG F 
PCT 
HP 
PSI 


FUEL FLOW 
WATER FLOW 
CALC VOL 
BSFC 

Aik FLOW L 
AIR FLOW R 


LB/HR 
CC/MIN 
PCT . 

LB/BHP-HR 

LB/MIN 

LB/MIN 


API GKAV1TY OF DIESEL FUEL: 33.9 AT 60F 


72 . 

78 

73 

74 

75. 

76 

7 V 

0 

0 

5. 

10 

15 . 

80 . 


i 0 0 0 

1000 . 

1000 

1000 

1000 

1000 

loon 

877. 

87 7 

877 

877 

877 

877 


29 23 

29 21 

29 25 

29 25 

2V 24 

29 32 

O ty 'j -Jt 

74 

82 . 

74 

80 

80 . 

8 0 . 

80 

62 

60 . 

62 

61 . 

61 

61 . 

fci . 

Si 

26 

51 . 

32 

32 

38. 

32 

166 2 

166 8 

166.5 

1 66 4 

166.7 

166 4 

1 66 S 

36 8 

36 9 

36 9 

36,9 

36 9 

36 9 

36 9 

72 29 

72 23 

71.72 

72.17 

72.38 

78.64 

73 22 

6 o 

6 0 

32.3 

68 1 

109.5 

157.4 

208 u 

0 0 

0 0 

4.8 

9.5 

14 4 

19 4 

24.0 

4349 

. 4331 

. 43 07 

4337 

. 4339 

4365 

4397 

40 8 

40.1 

40 6 

40 4 

40.3 

40 3 

40 4 

40 8 

40.7 

40.7 

40 5 

40.7 

40 4 

40.5 


COOLANT 

IN 

DEG 

F 

COOLANT 

OUT 

DEG 

F 

OIL SUMP 

DEG 

F 

FUEL IN 


DEG 

F 

FUEL RLTURN 

DEG 

F 

FUEL SUPPLY 

DEG 

F 

FUEL COOLER 

DEG 

F 

INTAKE i 

AIR 

(RF)DtG 

F 

INTAKE 

AIR 

(RR)DEG 

F 

INTAKE i 

AIR 

(LE)DEG 

F 

INTAKE 

AIR 

(LR)DEG 

F 

HP AIR 

(RF) 

DEG 

F 

HP AIR 

(RR) 

DEG 

F 

HP AIR 

(l.E) 

DEG 

F 

AIR 

UR) 

DEG 

F 

EAH STACK 

DEG 

F 

WATER INLET 

DEG 

F 

CELL AIR 

DEG 

F 

EXHAUST 

1R 

DEG 

F 

EXHAUST 

2R 

DEG 

F 

EXHAUST 

3R 

DEG 

F 

EXHAUST 

4R 

DEG 

F 

EXHAUST 

SR 

DEG 

F 

EXHAUST 

6R 

DEG 

F 

EXHAUST 

1L 

DEG 

F 

EXHAUST 

2L 

DEG 

F 

EXHAUST 

3L 

DEG 

F 

EXHAUST 

4L 

DEG 

F 

EXHAUST 

5L 

DEG 

F 

EXHAUST 

6L 

DEG 

F 


176 . 
183 . 
1VS . 
97 
117. 
80. 
97 
86 . 
86 
79 
78 . 
106. 
107 
101 
99. 
480 . 
78. 
76 . 
488 
466. 
461 . 
480 . 
460 
465. 
533 . 
S33 . 
510 . 
53* 
551 . 
568 


178 . 
184 
20 0 
100 . 
122 
101 . 
98. 
9.5. 
93. 

85. 

86 . 
112 
113 
108. 
107. 
487 

87. 
82 . 
489. 
468 
462. 
478 
460 . 
466 
533. 

538. 
512. 

539. 
559. 
573. 


177 
184 
198 
99 
119. 
90 
99 
90 
90 
81 . 
80 . 
109 
109 
102 , 
101 . 
47 7. 
77 
78. 
480 . 
456 . 
451 . 
470 . 
453. 
459 . 
528 . 
530 . 
503 . 
532. 
545. 
556 


177. 
183 
198 
100 
119 
90 
99. 
92 . 
93. 
83 

83 
111 . 
112 . 
105 . 
103. 
473. 

84 
80 

478. 
452 
4 48 
462 . 
450 
454 . 
522 . 
527 . 
496. 
525. 
538 
547 . 


176 

179 

179 

183 

185 

185 

198 

200 

801 

97 

97 

95 

116 

116 

114 

70 

90 

90 

97 

96. 

96 

93 

95 

95 

98 

94 

95 

84 

85 

84 

84 

86 

84 

111 . 

112 

113 

118 

113 

114 

106 

108 

106 

104 

106 

104 

466 

468 

456 

85 

B4 

B4 

81 

82 

SO 

471 . 

451 . 

452 . 

452 

443 . 

442 

443 

455 

457 . 

453 

445 . 

445 . 

443 

448 

447 

447 

516 

509 

503 

519. 

513 . 

505 

49 0 

485. 

477 

518. 

512. 

508 

530 

524. 

514 

540 

534 . 

525 


OIL PRESSURE 
FUEL SPILL 
BOOST (RF) 
BOOST (RR) 
BOOST ILF) 
BOOST <LR> 

INLE?°VAC. <RF 
INLET VAC. <RR 
INLET VAC. (LF 
INLET VAC. <LR 
EXH. PRESS. <R 
EXH. PRESS. < L 
TURB. IN. (RF) 

W: iff: m 

m- >* e v lr> 

EMULSION PRESS 
FUEL SUPPLY 
WATER PRESS. 


PSI 

PSI 

PSI 

PSI 

PSI 

PSI 

PSI 

) IN-H20 
)IN-H20 
>IN-H20 
) IN-H20 
>PSI 
>PSI 
IN-HG 
IN-HG 
IN-HG 
IN-HG 
PSI 
PSI 
PSI 
PSI 


36 
35 . 
1 

1 . 
0 
1 


?. 5 
1.5 


1 

100 . 

3 0 
0 . 


35 

34 

1 

1 

0 

1 

? 

1 

4 

4 

0 

0 

3 

3 

3 

2? 

100 

3 

0 


. 0 
. 0 
. 0 
. 0 
. 0 
. 0 

0 
.5 
. 6 
. 1 
. 0 
. 0 
. 0 
. 1 
. 1 
. 1 

0 

. 0 


35 
35 . 
1 

1 . 
0 

1 . 

o 

i: 

i 

4. 

4 

0 . 
0 
3 
3 

3 


100 . 
3. f> 
50 


35.0 35.0 

34 0 34 0 

10 1.0 

1.0 1.0 

0.0 0.0 

1.0 1.0 

H H 

15 15 

4.1 4.0 

4.0 40 

0 0 0.0 

0.0 0.0 

3.1 3.0 

It IS 

2 

100 100 . 

3.5 3.S 

50. 50. 


34 0 34.0 

34.0 35 0 

1.0 1.0 

1.0 1.0 

0.0 00 

10 1.0 

2.0 20 

1.5 16 

1.5 15 

4.0 3.9 

40 3 2 

0.0 00 

0.0 0.0 

3.1 30 

3.0 3 0 

3.0 3.0 

2? I 2§ i 

100 . 100 

3.6 3.5 

50 50. 


124 


1 

I 
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TABLE C-26. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1000 RPM, FUEL INJECTION TIMING RETARDED 
4.1 DEGREES 


DYNAMOMETER CONSTANT; tOOO. API GRAVITY OF DIESFL FUEL; 33.9 AT 60F 

H/C RATIO 1 82 


RUN NUMBER 


79 

85 

80 . 

81 

82. 

83 

84 

NON WATER PCT 


0 

0 . 

5. 

10 . 

IS 

20 . 

25 . 

ENCINE SPEED 

RPM 

1000. 

1000 . 

1000 . 

1000 . 

1000 

1000 

1000 

OBS TORQUE 

LB-FT 

877 . 

877. 

877 

877 

877 

877 

877 

BAR PRESS 

IN-HG 

29 04 

28.93 

29.06 

29 06 

29.03 

29 00 

28.96 

DRY BULB 

DEC F 

80 . 

94 . 

80 . 

83 . 

83. 

84 

92 

WET BULB 

DEG F 

70 . 

70 . 

70 . 

71 . 

71 

71 

71 

REL HUMIDITY 

PCT 

61 . 

30 . 

61 . 

56 

56 

S3 

35. 

CORR BMP 

HP 

170.3 

172.6 

170.6 

170 6 

171.2 

172 6 

172 8 

CORR BMEP 

PSI 

37 7 

38.2 

37 8 

37 8 

37 9 

38.2 

38 3 

FUEL FLOW 

LB/HR 

72.58 

72.52 

72.09 

72.93 

73.51 

73 82 

74 57 

WATER FLOW 

CC/MIN 

0 . 0 

0 . 0 

33 8 

69 7 

108.0 

154.4 

211 7 

CALC. VOL. X 

PCT 

0 . 0 

0.0 

4.9 

9.6 

14 0 

18.8 

23 9 

BSFC 

LB/BHP-HR 

4263 

. 4201 

. 4226 

4275 

4293 

4276 

. 4315 

AIR FLOW L 

LB/MIN 

39.3 

39.6 

39.1 

39.1 

40.7 

38 0 

39.6 

AIR FLOW R 

L6/MIN 

40.4 

39 . S 

39 8 

39 8 

39.7 

39 5 

39 . S 

COOLANT IN 

DEG F 

178. 

177. 

178. 

177. 

178 

177 

177. 

COOLANT OUT 

DEG F 

184. 

184. 

184 . 

184 

184 

184 

184 . 

OIL SUMP 

DEG F 

197. 

199 . 

198 . 

199 

200 

199 

200 . 

FUEL IN 

DEG F 

104. 

108. 

105. 

107 . 

107 

105. 

104 

FUEL RETURN 

DEG F 

123. 

127 

124. 

125 

124 

122. 

121 . 

FUEL SUPPLY 

DEG F 

95. 

108. 

97. 

99 

101 

103. 

104 

FUtL COOLER 

DEG F 

103. 

106 . 

105 

106 

106 

104. 

104 . 

INTAKE AIR < RF)D£G F 

89 

100 . 

92. 

95 

95 

100 . 

101 

INTAKE AIR (RR)DEG F 

89 . 

100 . 

92. 

95. 

95. 

100 . 

101 

INTAKE AIR (LF)DEG F 

85. 

100 . 

86 

88 

93 

95 

96. 

f f 

1??. 

ill: 

ifl: 

88 

114. 

1 ?3. 

118. 

tSi: 

HP AIR (RR) 

DEG F 

109. 

121 . 

112. 

115 

114 

119. 

120 

HP AIR (LF) 

DEG F 

109. 

124 . 

110 . 

111 . 

116. 

120 . 

119. 

HP AIR (LR) 

EXH STACK 

DEG F 

106. 

121 

108. 

492 

109 

114 

116. 

117. 

DEG F 

493 

504. 

483. 

480. 

473 

469. 

WATER INLET 

DEG F 

82. 

99 

83. 

88. 

92. 

95 

94. 

CELL AIR 

DEG F 

84. 

96. 

86. 

86. 

88 

94. 

96 

EXHAUST 1R 

DEG F 

500 . 

505. 

494. 

490 . 

484. 

482. 

479. 

EXHAUST 2R 

DEG F 

477. 

480 . 

468. 

463. 

464. 

464 . 

464 

EXHAUST 3R 

DEG F 

467 . 

472 . 

463. 

457. 

451 . 

451 . 

453 

EXHAUST 4R 

DEG F 

484 . 

487. 

480 . 

470 , 

465 

464. 

464 

EXHAUST SR 

DEG F 

466 . 

469. 

461 . 

456. 

453 

450 . 

450 

EXHAUST 6R 

DEG F 

473. 

476. 

467. 

461 

453 

450 

452. 

EXHAUST 1L 

DEG F 

544 . 

552 

542 . 

536 . 

530 

523. 

520 . 

EXHAUST 2L 

DEG F 

549 . 

554. 

S44 

S39. 

533. 

523. 

518 

EXHAUST 3L 

DEG F 

522 . 

525 . 

513. 

505. 

502 

496 

489. 

EXHAUST 4L 

DEG F 

547. 

S48. 

542. 

533. 

528. 

518. 

513. 

EXHAUST 5L 

DEG F 

572. 

578 . 

567. 

554 

547. 

537 

530 

EXHAUST 6L 

DEG F 

584 . 

592. 

579. 

566 

558 

549 

S43 

OIL PRESSURE 

PSI 

35.0 

35.0 

35.0 

35.0 

35 0 

35.0 

35 0 

FUEL SPILL 

PSI 

35.0 

35 0 

3S 0 

35 0 

35.0 

3S 0 

35.0 

BOOST <RF) 

PSI 

1 0 

1 . 0 

1 . 0 

1 0 

1 . 0 

1 0 

1 8 

BOOST <RR) 

PSI 

1 . 0 

1 . 0 

1 . 0 

1 0 

1 0 

1 0 

1 0 

BOOST <LF> 

PSI 

0 0 

0 . 0 

0 . 0 

0 0 

0 0 

0 0 

0 0 

BOOST < LR) 

PSI 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

AIR BOX 

PSI 

2.0 

2.0 

2.0 

2,0 

2.0 

2.0 

2 0 

INLET VAC. (RF)IN-H20 

1.5 

1 5 

1.5 

1.5 

1.5 

1.5 

1.5 

INLET VAC. < RR )IN-H20 

1.5 

1.5 

1.5 

1 . 6 

1,5 

1.6 

1.6 

INLET VAC. <LF>IN-H20 

4.1 

4.2 

4.2 

4.2 

4.2 

4.2 

4.2 

INLET VAC. (LR)IN-H20 

4.1 

4.2 

4 0 

4 1 

4.1 

4.1 

4.1 

EXH. PRESS (R)PSI 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 0 

0 . 0 

EXH PRESS. (L)PSl 

D . 0 

0.0 

0 0 

0 0 

0 . 0 

0 0 

0 . 0 

TURB. IN. (RF) 

IN-HG 

3.1 

3.1 

3 1 

3 1 

3.1 

3,0 

3.0 

TUkB IN < RR > 

IN-HG 

3.1 

3.1 

3.1 

3.1 

3.1 

3 0 

3 0 

TURB. IN. < LF > 

IN-HG 

3.0 

3.0 

3 0 

3 0 

3.0 

3.0 

3,0 

TURB IN. (LR) 

IN-HG 

3.2 

3 2 

3.2 

3.2 

3 2 

3.1 

3.1 

FUEL PRESS. 

PSI 

30.0 

26.0 

25 0 

26.0 

26.0 

26.0 

26.0 

^L LS i8W? ESS 

■Hi 

10 J;o 

i0 S 8 

10 l2 

10 S 2 

i0 $:s 

10 l-6 

10 S:7 

WATER PRESS 

PSI 

0 . 

0 . 

50 

0 

50 . 

50 

50 
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TABLE C-27. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1000 RPM, FUEL INJECTION TIMING ADVANCED 
2.8 DEGREES 


DYNAMOMETER CONSTANT = 2.000 

API 

GRAVITY 

OF DIESEL FUEL 

33.9 AT 

60F 


H/C RATIO: 1 81 

t — 








RUN NUMBER 


93. 

99. 

94 . 

95 

96 

97 

98 

NOM. WATER PCT 


0 . 

0 . 

5. 

10 . 

IS 

20 

25 

ENGINE SPEED 

RPM 

1000 . 

1000 . 

1000 . 

1000 . 

1000 . 

1000 

1000 

OBS TORQUE 

L8-FT 

87?. 

877 

877 . 

877 . 

877 

877 

877 

BAR PRESS. 

IN-HG 

29.24 

29.04 

29.22 

29.20 

29.16 

29 12 

29.09 

DRY BULB 

DEG F 

72. 

85. 

72. 

80 

80 

84 

84 

WET BULB 

DEG F 

60 . 

65. 

60 . 

61 

61 

64 

64 

REL HUMIDITY 

PCT 

49. 

33. 

49 . 

32. 

32 

33 

33 

CURR BHP 

HP 

165 1 

169.8 

166 0 

166 5 

167.4 

168.7 

168 9 

CORR BMEP 

PSI 

36.6 

37.6 

36.8 

36 9 

37 1 

37.4 

37 4 

FUEL FLOW 

LB/Hk 

72.33 

71.68 

72.35 

72.91 

73.59 

74 10 

74.60 

WATER FLOW 

CC/MIN 

0.0 

0 . 0 

30.8 

68 1 

1110 

157.4 

208 0 

CALC. VOL. X 

PCT 

0 . 0 

0 0 

4.5 

9.4 

14.3 

19.1 

23 7 

BSFC 

LB/BHP-HR 

. 4382 

. 4222 

4357 

.4380 

4397 

4392 

4416 

AIR FLOW L 

LB/MIN 

41.0 

39.0 

40 9 

40.5 

40 0 

39 4 

39 4 

AIR FLOW R 

LB/MIN 

40.7 

39.2 

40.3 

40.5 

39.8 

39.6 

39 8 

COOLANT IN 

DEG F 

177 

176. 

177 . 

178 

178. 

179 

17b 

COOLANT OUT 

DEG F 

183 

183. 

184. 

185. 

185 

185 

185 

OIL SUMP 

DEG F 

198 . 

199 

198. 

201 . 

202. 

102 

202. 

202 

FUEL IN 

DEG F 

96. 

104. 

101 . 

100 

100 . 

99 

FUtL RETURN 

DEG F 

118 . 

124 . 

121 . 

120 . 

120 . 

118. 

118 

FUEL SUPPLY 

DEG F 

84. 

95 . 

89. 

90 

92 

93. 

94 

FUtL COOLER 

DEG F 

96. 

103. 

99 

100 

101 

100 

99 . 

INTAKE AIR (RF)DEG F 

85 

95 . 

88 . 

89. 

92 

90 

92. 

INTAKE AIR (RR)DEG F 

84. 

95. 

87 

89 

92. 

90 

92. 

INTAKE AIR < LF)DEG F 

7S 

91 . 

80 . 

82 . 

84. 

88 

90 

INTAKE AIR (LR)DEG F 

75. 

92. 

80 

82. 

BS 

89. 

90 

HP AIR (RF) 

DEG F 

104 

114 

106. 

109. 

110 

110 

112 

HP AIR <RR) 

DEG F 

104. 

114. 

107. 

109 

110 

111 . 

112. 

HP AIR (LF) 

DEG F 

97. 

114. 

102. 

104 . 

107 

110 . 

112 

HP AIR (LR) 

DEG F 

96. 

112. 

101 . 

103. 

106 

109 

111 

EXH. STACK 

DEG F 

471 . 

416. 

469 

46? 

463 

4S6 

451 

WATER INLET 

DEG F 

72. 

90 

76. 

84. 

87 

88. 

89 

CELL AIR 

DEG F 

72. 

88. 

76 

79. 

82 

86 

86 

EXHAUST 1R 

DEG F 

483 

485. 

482. 

476. 

474. 

473. 

467. 

EXHAUST 2R 

DEG F 

460 , 

462. 

456 

451 . 

455 

456. 

455. 

EXHAUST 3R 

DEG F 

451 

452. 

451 . 

452 

446 

446. 

447. 

EXHAUST 4R 

DEG F 

463. 

466. 

461 

457. 

452 

453 

453 

EXHAUST 5R 

DEG F 

448. 

451 

447 

446. 

443. 

442. 

443 

EXHAUST 6R 

DEG F 

456 

455. 

453 

450 . 

445 

443. 

448 

EXHAUST 1L 

DEG F 

525. 

527. 

523. 

519. 

515 

510 . 

506 

EXHAUST 2L 

DEG F 

52S. 

S24. 

S24. 

520 . 

514 

507. 

502 

EXHAUST 3L 

DEG F 

494 

497. 

485. 

482. 

480 

481 . 

471 . 

EXHAUST 4L 

DEG F 

526 

533. 

524. 

520 . 

514 

506. 

501 . 

EXHAUST 5L 

DEG F 

541 . 

545. 

535. 

533. 

521 . 

515. 

508 

EXHAUST 6L 

DEG F 

561 . 

567. 

556. 

548. 

544 

536 

525 

OIL PRESSURE 

PSI 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

34.0 

FUEL SPILL 

PSI 

34.0 

33.0 

34.0 

34.0 

34.0 

34.0 

34 0 

BOOST (RF) 

PSI 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 .0 

BOOST (RR) 

PSI 

0 . 0 

1 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

BOOST (LF) 

PSI 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0.0 

0 0 

0.0 

BOOST (LR) 

PSI 

1 . 0 

1.0 

1 . 0 

1 0 

1 . 0 

1 . 0 

1 0 

AIR BOX 

PSI 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

INLET VAC. (RF)IN-H20 

1 5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

INLET VAC. (RR > IN-H20 

1.5 

1.5 

1.5 

1.5 

1 6 

1.5 

1.6 

INLET VAC (LF)IN-H20 

4.0 

4.1 

4.0 

4.0 

3.9 

4.0 

4.0 

INLET VAC. (LR >IN-H20 

EXH. PRESS. (R)PSI 

u 

O.i 

4.0 

0 . 0 

4.0 

0 . 0 

4.0 

0.0 

4.0 

0 . 0 

3:8 

EXH. PRESS (L)PSI 

0 . 0 

0 . 0 

0 . 0 

0.0 

0.0 

0 . 0 

0 0 

TURB. IN. (RF) 

IN-HG 

3.2 

3 0 

3.1 

3.1 

3.1 

3.0 

31 

TURB IN. (RR) 

IN-HG 

3.1 

3.0 

3.0 

3.0 

3.0 

3.0 

18 

TURB. IN. (LF) 

IN-HG 

3.1 

3.0 

3.0 

3.0 

3.0 

3.0 

TURB. IN. (LR) 
FUEL PRESS. 

IN-HG 

PSI 

2l? 

2 U 

2 I . J 

22 3 .i 


2 |J 

A.h 

EMULSION PRESS 

PSI 

100 . 

100 . 

100 . 

100 . 

100 . 

100 . 

100 

FUEL SUPPLY 

PSI 

3.2 

3.0 

3.4 

35.0 

3.5 

3 6 

3.7 

WATER PRESS 

PSI 

0 . 

0 . 

50 . 

50 . 

50 . 

50 . 

50 
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TABLE C-28. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1000 RPM, FUEL INJECTION TIMING ADVANCED 
5.5 DEGREES 


DYNAMOMETER CONSTANT= 4000 
H/C RATIO: 1.82 

API 

GRAVITY 

OF DIESEL FUEL: 

33.9 AT 

60F 


RUN NUMBER 


100 . 

106. 

101 

102 . 

103 . 

104. 

105. 

NON WATER PCT 


0 . 

0 . 

5. 

10 . 

15 

20 

25 

ENGINE SPEED 

RPM 

1000 . 

1000 

1000 . 

1000 . 

1000 . 

1000 . 

1000 

OBS. TORQUE 

LB-FT 

877. 

877. 

877. 

877. 

877. 

877 

877 

BAR PRESS. 

IN-HG 

28.98 

28.95 

28.99 

29.00 

29 00 

28 99 

28 97 

DRY BULB 

DEG F 

75. 

82. 

7S. 

75. 

82. 

82. 

82. 

WET BULB 

DEG F 

69 . 

70 . 

69 . 

70 

70 . 

70 . 

70 

REL. HUMIDITY 

PCT 

74. 

55. 

74 

78. 

5S. 

55. 

55. 

CORR. BHP 

HP 

169.4 

171.5 

170.2 

169 9 

170.8 

170.6 

171 0 

CORR BMEP 

PSI 

37.5 

38.0 

37 7 

37 6 

37.8 

37.8 

37.9 

FUEL FLOW 

LB/HR 

73.41 

72.85 

73 77 

74.04 

75.47 

76 11 

76 50 

WATER FLOW 

CC/MIN 

0.0 

0 . 0 

32.3 

68 1 

112 S 

160.6 

215.5 

CALC. VOL. X 

PCT . 

0 . 0 

0 . 0 

4.6 

9 3 

14.2 

19.0 

23.8 

BSFC 

LB/BHP-HR 

.4333 

. 4247 

.4334 

4357 

.4419 

4460 

. 4474 

AIR FLOW L 

LB/MIN 

40.0 

38.7 

39.5 

39 7 

40.9 

39.2 

39 0 

AIR FLOW R 

LB/MIN 

40.1 

39.2 

39.9 

40.2 

39 8 

39 9 

40 1 

COOLANT IN 

DEG F 

177. 

179 . 

178. 

178. 

178 

178. 

178 

COOLANT OUT 

DEG F 

184 . 

186. 

185. 

184 

185 

185. 

185 

OIL SUMP 

DEG F 

200 . 

202 . 

202 . 

201 . 

203 

203. 

204 

FUEL IN 

DEG F 

104. 

104. 

104. 

103. 

104. 

103. 

102 . 

FUEL RETURN 

DEG F 

126. 

125 . 

125. 

122 . 

122 . 

120 . 

119. 

FUEL SUPPLY 

DEG F 

90 . 

96 . 

93. 

91 . 

94 

94 . 

95 . 

FUF.L COOLER 

DEG F 

103. 

104. 

104 

103. 

104. 

103. 

102 

INTAKE AIR (RF)DEG F 

83. 

90 . 

8 S. 

84. 

91 . 

89 

91 

INTAKE AIR <RR)DEG F 

83 

91 . 

85. 

85. 

91 . 

89. 

92. 

INTAKE AIR (LF)DEG F 

79. 

93. 

82. 

87. 

91. 

89. 

92 

INTAKE AIR (LR)DEG F 

78. 

94. 

81 . 

87 

92. 

89. 

93 

HP AIR <RF) 

DEG F 

101 

110 . 

104. 

103. 

110 . 

108. 

110 

HP AIR (RR) 

DEG F 

103 

112 

105 

104. 

Ill . 

109. 

112 . 

HP AIR < LF) 

DEG F 

101 . 

112 . 

104. 

108. 

112 . 

110 . 

113. 

HP AIR <LR) 

DEG F 

99 

114. 

102 . 

107. 

112 . 

110 . 

113. 

EXH. STACK 

DEG F 

469 

474. 

466 

462 

462 

453. 

451 

WATER INLET 

DEG F 

78. 

88 . 

79. 

83 

88 

88 

89 

CELL AIR 

DEG F 

78 

88 . 

82 

80 . 

86 . 

85 

86 

EXHAUST 1R 

DEG F 

486 

494. 

477 

476. 

476. 

475 

471 

EXHAUST 2R 

DEG F 

465. 

470 

460 . 

457 

464 

465. 

464 

EXHAUST 3R 

DEG F 

459. 

461 . 

457 

452. 

452 

453. 

456 

EXHAUST 4R 

DEG F 

461 

468 

460 . 

456 

454 

457 

451 . 

EXHAUST SR 

DEG F 

449. 

453 

444. 

446. 

446. 

445. 

446 

EXHAUST 6R 

DEG F 

455. 

459. 

451 . 

447. 

443 

446. 

148 

EXHAUST 1L 

DEG F 

522. 

336. 

520 . 

517. 

513 

508. 

505. 

EXHAUST 2L 

DEG F 

518 

530 

521 . 

517. 

512 

506 

503. 

EXHAUST 3L 

PEG F 

498. 

506. 

494 

490 . 

488. 

483 

477. 

EXHAUST 4L 

DEG F 

52.5 

S29. 

521 . 

518 

516 

508 

502. 

EXHAUST 5L 

DEG F 

536 . 

538 . 

532 . 

526 

521 . 

512 

509 

EXHAUST 6L 

DEG F 

557 

557. 

S50 . 

543 

540 . 

530 . 

527. 

OIL PRESSURE 

PSI 

35.0 

34.0 

34.0 

34.0 

34 0 

34 0 

34.0 

FUEL SPILL 

PSI 

34.0 

34.0 

34 0 

34.0 

34 0 

34.0 

34 0 

BOOST (RF) 

PSI 

1 . 0 

1 . 0 

1 0 

1 . 0 

1 . 0 

1 . 0 

1 0 

BOOST <RR) 

PSI 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

BOOST (LF ) 

PSI 

0.0 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 0 

0 0 

BOOST (LR) 

PSI 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

t . 0 

1 0 

1 0 

AIR BOX 

PSI 

2.0 

2,0 

2.0 

2.0 

2.0 

2.0 

2.0 

INLET VAC. (RF)IN-H2Q 

1.5 

1 .5 

1 .5 

1 .5 

IS 

1 S 

1 5 

INLET VAC (RR)IN-H20 

i .5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.6 

INLET VAC < LK >IN-H20 

4.1 

4.0 

4 . 1 

4.0 

4.1 

4.1 

4 1 

INLET VAC. < LR >IN-H20 

4.0 

4 0 

4.0 

4.0 

4.0 

4.0 

4.0 

EXH PRESS. (R)PSI 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 . 0 

EXH. PRESS. (L)PS1 

0 . 0 

0 . 0 

0 . 0 

0 0 

0.0 

0 . 0 

0.0 

TURB IN (RF) 

[N-HG 

3.1 

3.0 

3.1 

3.1 

3.1 

3 . 1 

3.0 

TURB IN. (RR> 

IN-HG 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

TURB. IN. <LF> 

IN-HG 

3.1 

3 0 

3.0 

3.0 

3.0 

3.0 

3.1 

TURB IN. (LR) 

IN-HG 

3 . ) 

3.1 

3.1 

3.1 

3.1 

3.1 

3.1 

FUEL PRESS 

PSI 

2 S . 0 

20.0 

25.0 

24.0 

24.0 

24.0 

24.0 

EMULSION PRESS 

PSI 

100 . 

100 . 

100 . 

100 . 

100 . 

100 . 

100 . 

FUEL SUPPLY 

PSI 

3.0 

3.2 

30.0 

3.0 

3.2 

3.4 

3.5 

WATER PRESS. 

PSI 

0 . 

0 . 

50 . 

50 

50 . 

50 . 

50 . 


127 







TABLE C-29. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1200 RPM, BASELINE 


DYNAMOMETER CONSTANT : fcoOOl API GRAVITY OP DIESEL FUEL; 33 9 AT 60F 

H/C RATIO: 1 §2 


RUN NUMBER 


4. 

10 . 

16. 

26 . 

32. 

NOM. WATER PCT 


0 . 

0 . 

0 . 

0. 

0 . 

ENGINE SPEED 

RPM 

1200 . 

1200 

1200 . 

1200 

1200 

OBS. TORQUE 

LB-FT 

1229 

1229. 

1229. 

1229 

1229 

BAR. PRESS. 

IN-HG 

29.16 

29.25 

28.96 

29.31 

29 IB 

DRY BULB 

DEG F 

75 

72 

75 

79. 

72 

WET BULB 

DEG F 

65. 

64 

70 

61 . 

11. 

REL. HUMIDITY 

PCT 

59. 

65. 

78 

34. 

CURR. BHP 

HP 

281.3 

280.1 

286.1 

277 9 

282.4 

CORR BMEP 

PSI 

51.9 

51.7 

52.8 

51 3 

52.1 

PUEL FLOW 

LB/HR 

115.57 

115.85 

115.13 

115.76 

115 11 

WATER FLOW 

CC/MIN 

0 . 0 

0 . 0 

0 . 0 

0 0 

0 . 0 

CALC. VOL. X 

PCT . 

0.0 

0 . 0 

0 . 0 

0 0 

0.0 

BSFC 

LB/BHP-HR 

.4108 

. 4136 

.4023 

.4166 

4077 

AIR FLOW L 

LB/MIN 

52.1 

50.5 

49.1 

50 8 

49.4 

AIR FLOW R 

LB/MIN 

SI .8 

52.9 

50.2 

52 3 

52 2 

COOLANT IN 

DEG F 

180 . 

179. 

181 . 

180 

177 

COOLANT OUT 

DEG F 

188. 

187. 

189 

188 

185. 

OIL SUMP 

DEG F 

206 . 

206 

207 

204 

204. 

FUEL IN 

DEG F 

102. 

101 . 

102. 

101 . 

99 

PUEL RETURN 

DEG F 

125. 

123 

124. 

122 

122 

FUEL SUPPLY 

DEG F 

85. 

83. 

83. 

79 

81 

FUEL COOLER 

DEG F 

101 • 

100 

101 . 

107. 

‘M: 

INTAKE AIR (RF)DEG F 

85. 

91 . 

84. 

88 

INIAKE AIR <RR)DEG F 

86. 

91 . 

84. 

87. 

89 

INTAKE AIR (L.F)DEG F 

83. 

80 . 

84. 

78. 

85 

INTAKE AIR (LR)DEG F 

84 . 

80 . 

84. 

7b. 

85. 

HP AIR (RF) 

DEG F 

122. 

127. 

121 

123. 

125. 

HP AIR (RR) 

DEG F 

123. 

129 

121 . 

123 

126. 

HP AIR <LF> 

DEG F 

122. 

120 . 

124. 

117 

125 

HP AIR (LR) 

DEG F 

122 

119. 

121 

116 

123 

EXH. STACK 

DEG F 

S37. 

545. 

548 

S45. 

553 

WATER INLET 

DEG F 

7B . 

70. 

78. 

69. 

82. 

CELL AIR 

DEG F 

77 

76. 

30 

76 

82 

EXHAUST 1R 

DEG F 

586 

598 

605 

607 . 

606 

EXHAUST 2R 

DEG F 

567 

S73. 

578. 

583 

582 

EXHAUST 3R 

DEG F 

587 

508. 

593. 

594 

594 

EXHAUST 4R 

DEG F 

598. 

603. 

607. 

59S 

599. 

EXHAUST SR 

DEG F 

578 

585 

587. 

582. 

5B4 . 

EXHAUST SR 

DEG F 

568 

573 

580 

585. 

585. 

EXHAUST IL 

DEG F 

611 . 

620 . 

621 . 

614. 

616. 

EXHAUST 2L 

DEG F 

624 . 

628. 

631 

638. 

643. 

EXHAUST 3L 

DEG F 

585 . 

591 . 

595 

590 

594 

EXHAUST 4L 

DEG F 

628. 

638. 

638. 

634 . 

639. 

EXHAUST 51 

DEG F 

628. 

636 

640 

630 

637. 

EXHAUST 6L 

DEG F 

640 . 

649 

648. 

645 . 

649. 

OIL PRESSURE 

PSI 

42.0 

43.0 

42.0 

43 0 

42.0 

FUEL SPILL 

PSI 

46 0 

45 0 

4S . 0 

45 0 

4S . 0 

BOOST (RF) 

PSI 

2.0 

2.0 

2.1 

2.0 

2 0 

BOOST (RR) 

PSI 

1.2 

1.5 

1 . 0 

1 . 0 

1 . 0 

BOOST (LF) 

PSI 

i . 0 

1 .5 

1 . 0 

1 0 

1 0 

BOOST (LR) 

PSI 

2.5 

2.5 

2 5 

2.0 

2 0 

AIR BOX 

PSI 

2.0 

5.0 

6.0 

7.0 

7.0 

INLET VAC. (RF)IN-H20 

2.6 

2.7 

2.5 

2.6 

2.5 

INLET VAC (RR)IN-H20 

2.7 

2.7 

2 7 

2.7 

2.7 

INLET VAC. (LF)IN-H20 

5.6 

S.6 

5.6 

5.7 

5.7 

INLET VAC (LR)IN-H20 

5.4 

5.5 

5.5 

5.5 

5 6 

EXH. PRESS. (R)PSI 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0.0 

EXH. PRESS. (L)POI 

0 . 0 

0 . 0 

0 0 

0.0 

0 0 

TURB. IN. (RF) 

IN-HG 

0 0 

2 4 

3.3 

2.4 

3.7 

TURB. IN. (RR) 

IN-HG 

0.0 

2.4 

3.3 

2.4 

3.7 

TURB. IN. (LF) 

IN-HG 

0 . 0 

2 4 

2.9 

2.4 

3.7 

»p^s <LR) 

fSl* 

2 8.8 

2&0 


zS:S 

zli 

EMULSION PRESS 

PSI 

100 . 

100 

100 

100 . 

100 . 

FUEL SUPPLY 

PSI 

4.2 

3 1 

3.5 

3.2 

3 0 

WATER PRESS. 

PSI 

0 . 

0 . 

0 . 

0 . 

0 
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TABLE C-30. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1200 RPM, WITH WATER ADDITION 


DYNAMGHfcTER CONSTANT = *0 OO API GkAVnY OP DIESEL FUEL; 33.9 AT 60F 

H/C RATIO■ i.82 


RUN NUMBER 


27 

20. 

29 

30 . 

31 . 

NOM WATER PCT 


S. 

10 

15. 

20 . 

25. 

ENGINE SPEED 

RPM 

1200 . 

1200 . 

1200 . 

1200 . 

1200 . 

OBS. TORQUE 

LB-FT 

1229 

1229 

1229. 

1229. 

1229 

BAR PRESS. 

IN-HG 

29.31 

29.29 

29 25 

29.20 

29 18 

DRY BULB 

DEG F 

79. 

72. 

72. 

75. 

72. 

WET BULB 

DEG F 

El . 

62. 

62. 

64. 

62. 

REL. HUMIDITY 

per 

34 . 

57 

57 

55. 

57 

COkR. BHP 

HP 

2S0 . 0 

280.5 

280.9 

283.2 

282.4 

CURR BMEP 

PSI 

51.7 

51.8 

51.9 

52.3 

52.1 

FUEL FLOW 

LB/Hk 

116.26 

115.70 

1)6.43 

116.22 

116.43 

WATER FLOW 

CC/MIN 

49.8 

114.0 

175.1 

215. S 

366.4 

CALC. VOL. X 

PCT . 

4.5 

9.9 

14.3 

17.1 

25.9 

BSFC 

LB/BHP-HR 

. 4152 

. 4124 

.4144 

. 4104 

. 4123 

AIR FLOW L 

LB/MIN 

50.7 

50 9 

50 8 

51.0 

49.4 

AIR FLOW R 

LB/MIN 

51.6 

51.8 

51.6 

51.1 

5) .2 

COOLANT IN 

DEG F 

179. 

179 . 

179 

179. 

178. 

COOLANT OUT 

DEG F 

186. 

186. 

187. 

187. 

185 

OIL SUMP 

DEG F 

206. 

206. 

206. 

206. 

206. 

FUEL IN 

DEG F 

102. 

102. 

103 . 

101 . 

95 . 

FUEL RETURN 

DEG F 

123. 

123. 

122. 

119. 

115 

FUEL SUPPLY 

DEG K 

84. 

84. 

82 

82. 

82. 

FUEL COOLER 

DEG F 

102. 

104 . 

104. 

105 

100 . 

INTAKE AIR (RF)DEG F 

93. 

88. 

87 

88. 

90 . 

INTAKE AIR (RR)DEG F 

92. 

87. 

86. 

88. 

89. 

INTAKE AIR (LF)DEG F 

84. 

84. 

84 . 

84 . 

85 

INTAKE AIR <LR)DEG F 

84 . 

84. 

83. 

84 

86 

HP AIR <RF) 

DEG F 

128. 

122. 

122. 

123 

123. 

HP AIR < RR > 

DEG F 

129. 

123. 

123. 

124. 

124. 

HP AIR <L.F) 

DEG F 

122. 

122. 

122. 

122. 

122. 

HP AIR <LR) 

DEG F 

121 . 

121 . 

119. 

120. 

122. 

EXH. STACK 

DEG F 

S45. 

536. 

531 

525. 

519. 

WATER INLET 

DEG F 

70 . 

80. 

84. 

84. 

84. 

CELL AIR 

DEG F 

82. 

80 . 

80 . 

84. 

82. 

EXHAUST IR 

DEG F 

599. 

587. 

515. 

567. 

561 . 

EXHAUST 2R 

DEG F 

575. 

563. 

554. 

551 . 

546. 

EXHAUST 3R 

DEG F 

590 . 

582. 

578. 

574. 

564. 

EXHAUST 4R 

DEG F 

591 . 

584. 

S77 . 

571. 

564 . 

EXHAUST SR 

DEG F 

584 . 

575. 

570 . 

563. 

557. 

EXHAUST 6R 

DEG F 

586. 

570 . 

564 

557. 

550 . 

EXHAUST 1L 

DEG F 

606. 

591 . 

587. 

5B4. 

579 

EXHAUST 2L 

DEG F 

629 

616. 

611. 

609 

604. 

EXHAUST 3L 

DEG F 

588. 

574 . 

564 . 

564. 

557. 

EXHAUST 4L 

DEG F 

627. 

613. 

607. 

607. 

601 . 

EXHAUST SL 

DEG F 

626. 

612. 

609 

599. 

588 

EXHAUST 6L 

DEG F 

641 . 

629. 

622. 

619 

609 

OIL PRESSURE 

PSI 

43.0 

43.0 

42.0 

42.0 

42.0 

FUEL SPILL 

PSI 

45.0 

45.0 

44.0 

44.0 

43.0 

BOOST <RF) 

PSI 

2.0 

2.0 

2 0 

2.0 

2.0 

BOOST <RR > 

PSI 

1 . 0 

1.5 

1.5 

1.5 

1.5 

BOOST (LF) 

PSI 

1 . 0 

1 . 0 

i. r< 

I . 0 

1 . 0 

BOOST <LR > 

PSI 

2,5 

2.0 

2.5 

2.5 

2.0 

AJR BOX PSI 

INLET VAC. <RF>IN-H20 

1:1 

u 

u 

7.0 
2.5 

li 

INLET VAC. <RR >IN-H20 

2.7 

2.7 

2.7 

2.6 

2.6 

INLET VAC. <LF)IN-H20 

5.7 

5.6 

5.7 

5.7 

5.7 

INLET VAC. <LR)IN-H20 

5.6 

5.6 

5.5 

5.5 

5.5 

EXH. PRESS <R)PSI 

0 . 0 

0.0 

0 . 0 

0.0 

0 . 0 

EXH. PRESS. (L)PS1 

0.3 

0.0 

0 . 0 

0.0 

0.0 

TURB. IN. (RF > 

IN-HG 

2.9 

3.3 

3.3 

3.3 

3.3 

TURB. IN. (RR) 

1N-HC 

2.9 

3.3 

3.3 

3.3 

3.3 

TURB. IN. (LF) 

IN-HG 

2.9 

3.3 

3.3 

3.3 

3.3 

TURB. IN. (LR) 

IN-HG 

2.9 

3.3 

3.3 

3.3 

3.3 

FUEL PRESS. 

PSI 

20.0 

20.0 

20.0 

20.0 

20.0 

EMULSION PRESS 

.PSI 

100 . 

100 . 

100 . 

100 . 

100 . 

FUEL SUPPLY 
WATER PRESS. 

PSI 

3.5 

3.4 

3. S 

4.0 

4.2 

PSI 

50 . 

50 . 

50 . 

SO. 

50. 
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TABLE C-31. ENGINE TEST KESULLS. DETROIT DIESEL 
ENGINE, 1400 RPM, BASELINE 


/j/? A J?^rt3 tR l C 8^ STANI ' * 000 API GkAVJTY 0h DIESEL FUtL 33 9 ft) 60F 


RUN NUMBER 


5 

11 

NOM WATER PCT 


0 

0 

ENGINE SPEED 

RPM 

1400 . 

1400 

OBS TORQUE 

L.6-FT 

1654 . 

1654 . 

BAR. PRESS. 

IN-HG 

29.30 

29.12 

DRY BULB 

DEG F 

67. 

74 

WIT BULB 

DEG F 

62 . 

67 

REL HUMIDITY 

per 

76 

70. 

LORR BHP 

HP 

A35.0 

AA6 5 

CORR BMEP 

PSI 

68.8 

70 6 

FUEL FLOW 

LB/HR 

177.76 

177.08 

WATER FLOW 

CC7HIN 

0 . 0 

0 . 0 

CALC. VOL. X 

PC'T 

0.0 

0 . 0 

BSFC 

LB/BHP-HR 

.4087 

. 3965 

AIR FLOW L 

LB/MIN 

66.3 

64.8 

AIR FLOW R 

L.6/MIN 

68.6 

67.4 

COOLANT IN 

DEG F 

178 . 

179. 

COOLANT OUT 

DEG F 

187. 

189 

UIL SUMP 

DEG F 

211 . 

211 . 

t-UEL IN 

DEG F 

104. 

105. 

FUEL RETURN 

PEG F 

126 

127 . 

FUEL SUPPLY 

DEG F 

81 . 

82. 

FUEL COOLER 

DEG F 

105. 

104. 

INTAKE AIR (RF)DEG F 

76 

94 . 

INTAKE AIR (RR)DEG F 

77 

93 

INTAKE AIR (LF)DEG F 

74 

86. 

INTAKE AIR (LR)DEG F 

74 

86 

HP AIR (RF) 

DEG F 

140 . 

156. 

HP AIR <RR) 

DEG F 

141 . 

157. 

HP AIR ILF) 

DEG F 

141 . 

153. 

HP AIR <LR) 

DEG F 

137 

149. 

EXH. STACK 

DEG F 

617 . 

634. 

WATER INLET 

DEG F 

69 

75. 

CELL AIR 

DEG F 

69 

82 

EXHAUST 1R 

DEG F 

670 . 

686 

EXHAUST 2R 

DEG F 

674 

688. 

EXHAUST 3R 

DEG F 

700 . 

722. 

EXHAUST AR 

DEG F 

678 

698. 

E.XHAUST 5R 

DEG F 

676. 

690 . 

EXHAUST 6R 

DEG F 

662. 

680 . 

EXHAUST 1L 

DEG F 

708. 

726. 

EXHAUST 2L 

DEG F 

737 . 

748. 

EXHAUST 3L 

DEG F 

684. 

701 . 

EXHAUST AL 

DEG F 

722. 

740 . 

EXHAUST 5L 

DEG F 

728. 

749 . 

EXHAUST 6L 

DEG F 

0 . 

745 . 


17 

33 

3V 

58 

54 

0 

0 

0 

0 

0 

1400 

1400 . 

1400 

1400 

1400 

1654 

1654 

1654 . 

1654 

1654 

29 17 

29 17 

29 23 

29 22 

29 15 

75 

75 

71 

65 . 

68 

64 

62 

59 

59 

64 

55 . 

48 

49. 

70 

TU 

444 1 

442.5 

437.5 

431 1 

438 6 

70 2 

70 0 

69.2 

68.2 

69 4 

.177.4 7 

176 47 

177 44 

1 76 38 

176 47 

0 . 0 

0 0 

0 . 0 

0 0 

0 0 

0 . 0 

0 0 

0.0 

0 0 

0 0 

3997 

3988 

. 40S6 

.4091 

4023 

66 0 

66.3 

66.0 

66.8 

64.7 

68 4 

69.0 

69.7 

69 5 

68 7 

177 

176 

177 

179 

177 

186 . 

185 

185 

187 

185 

209 

210 

210 

208 

209 

105. 

104 

104 

100 

101 

126 

127. 

126 

122. 

123 

80 . 

81 . 

84 

75 

79 

106. 

103. 

100 

99 

99 

90 . 

90 

87 

82 

93 

90 . 

90 

85 

81 

92 

89 

85 

77. 

68 

75 

89. 

85. 

77 

67 

73. 

153. 

154. 

152 

143 

153 

154. 

154. 

152. 

142 

152 

157. 

153. 

147 

134 

139 

153 

149. 

143. 

129. 

134. 

633. 

641 

636. 

6S3 

660 

75. 

78 

83 

67 

71 . 

82 

81 . 

7S 

62 

70 . 

694. 

697. 

693 

690 

695. 

693 

695. 

693. 

685. 

690 

723. 

721 . 

714 

698 

713 

701 . 

697 

690 

679 

691 

694 . 

691 

692 

673 

687 

680 . 

683. 

689 

664 

678 

730 . 

720 . 

731 . 

739. 

747 

751 . 

768 

767 

773 

77V . 

702. 

698. 

694. 

720 

732 

742. 

740 . 

742. 

756 

771 

753. 

752. 

752. 

766. 

779 

748. 

747 

739 

762. 

777 . 


OIL PRESSURE 
FUEL SPILL 
BOOST <RF) 

BOOST <RR) 

BOOST <LF> 

BOOST <LR) 

AIR BOX 
INLET VAC 
INLET VAC. 

INLET VAC 
INLET VAC. 

EXM. PRESS 
EXH PRESS 
TURB IN 
TURB. IN. IRR) 
TURB. IN. (LF) 

® plk S <UO 

EMULSION PRESS.PSI 

B(fk.. B VKW. p p1* 


PSI 
PSI 
PSI 
PSI 
PSI 
PSI 
PSI 

<RF)IN-H20 
<RR) IN-H20 
< LF > IN-H20 
<LR)IN-H20 
. (R)PSI 
. (L)PSI 
IRF) IN-HC 

- IN-HG 

IN-HG 

Itl™ 


SO . 0 
50.0 
A .2 
3.5 
3.5 
A . 5 
6 . 0 
A. A 
A.6 
8.2 
8.0 
. 1 
. 1 

2.0 
2.0 
2.0 

* 1:1 
100 . 
3.5 
0 . 


51 
A8 
A 
3 
3 
A 
8 

A . d 

A.5 
7.8 
8.2 
.2 
.2 
2.0 
2.0 
2.0 

*f:f 
100 . 
3. A 
0 . 


51 

A7 

A 

3 

3 

A 

8 

A 

A 

8 

8 


1 

2 
.2 
. 1 

b. 9 
6.9 

7.1 

zti :? 

100 . 

3.2 
0 . 


50 0 
47.0 
4.0 
3.0 
3.0 
A 

10 

i, 

too. 

3.5 
0 . 


50 

A5 

A 

3 

3 

A 

10 
A 
A 
8. 
8. 
0 . 
0 . 
to. 
9 


9.9 

*?:f 

100 . 

2.9 
0 . 


50 

47 

A 

3 

3 

4 

12 

A 

A 

e 

o 


y 

9 

9 

2? 

100 

3 

<• 


50 

4/ 

4 

3 

3 

A 

13. 

A . 
A 

3 

e. 


9 . 

9 

V. 

100 
4.0 
0 . 


130 
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TABLE C-32. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1400 RPM, WITH WATER ADDITION 


DYNAMOMETER CONSTANT = &OOO 
H/C RATIO: 1.82 

RUN NUMBER 
NOM. HATER PCT. 


ENGINE SPEED 
OBS TORQUE 


RPM 

L8-FT 


BAR. PRESS. 
DRY BULB 
WFT BULB 
REL. HUMIDITY 
CURR BHP 
CORR. BMEP 


IN-HG 
DEG F 
DEG F 
PCT 
HP 
PSI 


FUEL FLOW 
WATER FLOW 
CALC. VOL X 
BSFC 

AIR FLOW L 
AIR FLOW R 


LB/HR 

CC/MIN 

PCT. 

LB/BHP-HR 

LB/MIN 

LB/MIN 


API GRAVITY OF DIESEL FUEL: 33.9 AT 60F 


34. 

59 

35. 

60. 

36. 

61. 

37. 

62. 

38. 

5. 

5 

10. 

10 . 

15. 

IS. 

20. 

20. 

25 

1400. 

1400. 

1400. 

1400 . 

1400 . 

1400. 

1400 . 

1400 

1400 

1654 . 

1654. 

1654. 

1654. 

16S4. 

16S4 . 

16S4. 

1654. 

1654. 

29.18 

29.23 

29.19 

29.23 

29.19 

29.21 

29.18 

29.19 

29.18 

75. 

65. 

7S 

67. 

7S. 

68. 

76. 

68 

72. 



62. 

62 

61 . 

62 

63. 

62 

59. 

40 . 

75. 

48, 

76 . 

44. 

72. 

48. 

72 

46 

442.9 

433.2 

442.2 

434.3 

441.2 

435 6 

441.0 

437.1 

435 2 

70.1 

68. S 

70.0 

68.7 

69.8 

68 9 

69.8 

69.1 

68 8 

175.30 

177.80 

176.64 

175.95 

176.73 

176.82 

176.38 

176.13 

177.25 

82.8 

81.2 

173.4 

170.1 

292.1 

270.5 

418 9 

380.5 

501.7 

5.0 

4.8 

9.6 

9.7 

15.5 

14.5 

20 9 

19 4 

23 9 

. 3958 

.4105 

.3995 

.4051 

.40 06 

. 40S9 

4000 

. 4030 

. 4073 

65 2 

66.1 

64.5 

65.8 

64.8 

65.4 

65.1 

64.9 

65 1 

69.0 

69 9 

68.7 

69.5 

68.9 

69.3 

69.2 

68. S 

70.0 


COOLANT IN 
COOLANT OUT 

P^l s VS p 

FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INTAKE AIR 
INTAKE AIR 
INTAKE AIR 
INTAKE AIR 
HP AIR <RF) 
HP AIR (RR) 
HP AIR (LF) 
HP AIR <LR> 
EXH. STACK 
WATER INLET 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST 5R 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST 5L 
EXHAUST 6L 


OIL PRESSURE 
FUEL SPILL 
BOOST <RF) 
BOOST <RR) 
BOOST <LF) 
BOOST (LR) 
AIR BOX 
INLET VAC. 
INLET VAC. 
INLET VAC. 
INLET VAC. 
EXH. PRESS 


DF.G 
DEG 

gg 

DEG 
DEG 
DEG 
(RF)DEG 
(RR)DEG 
(LF)DEG 


<RF 
(RR 
(LF 
(LR 

... (R 

EXH. PRESS. (L 
TURB. (N. (RF> 
TUKB. IN. <RR) 
TURB. IN. (LF) 
lUkB. IN. (LR) 
FUEL PRESS. 
EMULSION PRESS 


)IN-H20 
)IN-H20 
> IN-H20 
) IN-H20 
>PSI 
>PS1 
IN-HG 
IN-HG 
IN-HG 
IN-HG 
PSI 
. P81 
PSI 
PSI 


178. 

186 

m. 
126. 
83. 
103. 
90 . 
89. 
85. 


DEG 

F 

85. 

DfcU 

F 

1S5 

DEG 

F 

155 

DEG 

F 

153. 

DEG 

F 

150 . 

DtG 

F 

637. 

DEG 

F 

78 

DEG 

F 

82. 

DEG 

F 

689 

DEG 

F 

690 . 

DEG 

F 

711 

DEG 

F 

692 

DEG 

F 

690 . 

DEG 

F 

681. 

DEG 

F 

712. 

DEG 

F 

759. 

DEG 

F 

690 . 

DEG 

F 

736. 

DEG 

F 

746 

DEG 

F 

740 . 

PSI 


SO . 0 

PSI 


46.0 

PSI 


4 0 

PSI 


3.0 

PSI 


3.0 

PSI 


4.0 

PSI 


10 . 0 


9 

20 

100 

SO 


174. 

178. 

174 

182. 

186. 

182 . 

2 9°? 

210 

164. 


12a. 

125. 

119. 

78. 

83. 

81 

97. 

1 03. 

98. 

83. 

93. 

87. 

82 

92. 

85 

70. 

84. 

70. 

70. 

84. 

69. 

144. 

155. 

147. 

143. 

155. 

147. 

136. 

150. 

136. 

131 

147. 

131 . 

647. 

627. 

640 . 

67 

92. 

84 . 

65. 

81 . 

66. 

676 

683 

673. 

679. 

682. 

674. 

685 

702. 

686. 

671 . 

681 . 

667 

668. 

682. 

664. 

677. 

678. 

659. 

731 . 

709. 

726. 

764. 

744. 

752. 

708 

679. 

703 

753. 

727. 

746. 

760 . 

734. 

749. 

756. 

731 

750 . 

51.0 

50.0 

51.0 

45. 0 

45.0 

45.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4. 0 

3.0 

3.0 

3.0 

4 . 0 

4 . S 

4.0 

13.0 

10.0 

13.0 

4.2 

4.3 

4.3 

4.4 

4.5 

4.4 

8.4 

8.4 

8.3 

8.1 

8.2 

e. i 

. 1 

0 0 

1 

. 1 

0 . 0 

. 1 

9.6 

9.8 

9. S 

9,5 

9.7 

9.4 

9.4 

9.7 

9.4 

9.5 

9.6 

9.4 

20.0 

20.0 

20.0 

LOO . 

100 . 

100 . 

3.3 

3.5 

3.2 

50 . 

50 . 

50 


176. 

174. 

176. 

175. 

177. 

184. 

183. 

184. 

184. 

186. 

209. 

102 . 


210 . 
too. 


2 &. 

122 . 

118. 

120 . 

118 

118. 

82. 

82. 

82. 

8 J. 

82. 

103 

98. 

98 

99. 

98 

90 

85. 

90. 

8 S. 

84. 

89 

84. 

89. 

84 

84. 

81. 

73 

79. 

75. 

75. 

Bi 

72. 

79. 

73. 

75. 

152. 

145. 

152. 

144. 

147. 

155. 

144. 

153. 

143. 

148 

147. 

138. 

146. 

139. 

141 

144. 

133. 

142. 

134. 

138. 

615. 

630 . 

606 

622. 

599 

93. 

88 . 

93 

88 

88 

80. 

68 . 

78. 

70 

70 . 

692. 

669. 

662. 

666 

654 

67b. 

669. 

662. 

663. 

656 . 

696. 

682. 

682. 

679. 

676. 

676 

662 

661 . 

657. 

654. 

675. 

662 

666 . 

659. 

661 

671 . 

655 . 

6S9. 

651. 

655. 

699. 

713. 

688 . 

706. 

682. 

734. 

743. 

719. 

734. 

713. 

676 

692. 

656. 

684. 

651 . 

716 

7 36 . 

705. 

727. 

703. 

723. 

739. 

708. 

730 

701. 

725. 

737. 

713. 

732. 

709. 

50 0 

51 0 

50 0 

50 0 

50.0 

45.0 

45.0 

45.0 

45.0 

45.0 

4.0 

4.0 

4.0 

4.0 

4 0 

4.0 

4.5 

4.0 

4.0 

4 0 

3.0 

3 0 

3 0 

3.5 

3 0 

4.5 

4.0 

4. S 

3.0 

4 5 

10.0 

13.0 

10.0 

12.0 

10.0 

4.3 

4.2 

4.4 

4.3 

4 4 

4.5 

4.4 

4.6 

4 4 

4.5 

8 .4 

8.3 

8.3 

8.0 

8.1 

g;f 

8.1 
. 1 

8.0 

0.0 

8.0 

1 

ft 

0 .0 

. 1 

0 . 0 

. 1 

o o 

9.8 

9,5 

9.7 

9.4 

9.7 

9.7 

9.4 

9.6 

9.3 

9.6 

9.5 

9.4 

9.5 

9.2 

9 5 

9.5 

9.4 

9.5 

9.3 

9.5 

20.0 

20.0 

20.0 

20.0 

20.0 

100 . 

100 . 

100 . 

100 

100 

3 5 

3.2 

3.5 

3.2 

3.5 

50 . 

50. 

so. 

50 . 

50. 
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TABLE C-33. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1400 RPM, FUEL INJECTION TIMING RETARDED 
4.1 DEGREES 


ffl*m5 ER i C 82 STAH1 ZOO °- API GRAWITY W DIESEL FUEL; 33.9 AT 60F 


RUN NUMBER 

NOM. WATER PCT 



ENGINE SPEED 

RPM 


OBS. TORQUE 

LB-FT 

BAR. PRESS. 

IN-HG 

DRY BULB 

DEC 

F 

WET BULB 

DEG 

F 

REL. HUMIDITY 

per 


CURR. BHP 

HP 


CORK. BMEP 

PSI 


FUEL FLOW 

LB/HK 

WATER FLOW 

CC/MIN 

CALC. VOL X 

PCT 


BSFC 

LB/BHP-HR 

AJR FLOW L 

LB/MIN 

AIR FLOW R 

LB/MIN 

COOLANT IN 

DEG 

F 

COOLANT OUT 

DEG 

F 

OIL SUMP 

DEG 

F 

FUEL IN 

DEG 

F 

FUEL RETURN 

DEG 

F 

FJEL SUPPLY 

DEG 

F 

FUtL COOLER 

DEG 

F 

INTAKE AIR (RF)DEG 
INTAKE AIR (RR)DEG 

F 

F 

INTAKE AIR (LF)DEG 

F 

INTAKE AIR (LR)DEG 

F 

HP AIR (RF) 

DEG 

F 

HP AIR (RR) 

DEG 

F 

HP AIR (LF) 

DEG 

F 

HP AIR (LR) 
EXH. STACK 

d d !g G 

F 

F 

WATER INLET 

DEG 

F 

CELL AIR 

DEG 

F 

EXHAUST 1R 

DEG 

F 

EXHAUST 2R 

DEG 

F 

FXHAUST 3R 

DEG 

F 

EXHAUST 4R 

DEG 

F 

EXHAUST SR 

DEG 

F 

EXHAUST 6R 

DEG 

F 

EXHAUST iL 

DEG 

F 

EXHAUST 21. 

DEG 

F 

EXHAUST 3L 

DEG 

F 

EXHAUST 4L 

DEG 

F 

EXHAUST SL 

DEG 

F 

EXHAUST 6L 

DEG 

F 


86. 

92 . 

87. 

88. 

89. 

90. 

91 . 

0 . 

0 . 

5. 

10 . 

15. 

20. 

25. 

1400 . 

1400 . 

1400 . 

1400 . 

1400 . 

1400 . 

1400. 

1654. 

1654 . 

1654 . 

16S4. 

1654. 

1654. 

1654 

29.49 

29.43 

29.50 

29 SO 

29.48 

29.46 

29.45 

74. 

80 . 

74 

74 

77 

77. 

80 . 

52. 

54. 

52. 

52. 

64 

64. 

54. 

18 . 

13. 

18. 

18. 

49. 

49. 

13. 

430.8 

436.0 

431.8 

432.4 

437 8 

439 3 

433.5 

68.2 

69.0 

68.3 

68.4 

69.3 

69 S 

68.6 

180.81 

181.54 

180.36 

179.78 

178.66 

178 31 

178.44 

0 . 0 

0 . 0 

82.8 

171.8 

277.7 

387.5 

522.4 

0 . 0 

0 . 0 

4.9 

9.6 

14.7 

19.4 

24.6 

.4197 

.4164 

.4177 

. 4153 

4081 

. 4059 

.4117 

6B.6 

66.7 

68.1 

67 9 

67.2 

66.7 

66.7 

70.9 

70.3 

70.8 

70.4 

69.6 

69 7 

70.0 

174. 

175. 

174. 

174. 

174 

176. 

171 

183. 

184. 

183. 

184 

182 

184. 

181 . 

206 

207. 

207. 

207 

206 

208. 

206. 

100 . 

103. 

101 . 

103 

100 . 

103. 

9? . 

123. 

124 . 

122. 

122 

120 

120 

115 

81 

84. 

84 

84. 

84 

86. 

85. 

99 

100 . 

98. 

103 

99 

100 . 

95 

90 

9S. 

83. 

92. 

94 

94. 

95. 

90 

96 

89 

92 

94 

94 

95 

82. 

88 

84 

84. 

85. 

85. 

86 

83 

87. 

84 

84 

85. 

85 

86 

155 

162. 

154. 

156 

156. 

156. 

157. 

155 

161 . 

153 

155. 

155. 

156. 

156. 

1S2 

158 

152 

153. 

152 

152. 

151 . 

147 

153 

147 

148. 

147 

147. 

146. 

695. 

700 . 

685. 

678. 

664. 

65S . 

640 . 

78 

84. 

81 . 

93. 

93 

93 

89 

76 

84 

78 

79. 

80 . 

82 

80 . 

711 

720 

699 

694 

692. 

687 

676. 

715 

732 

711 

705. 

702. 

695. 

684. 

739 

753. 

736 

733 

724. 

716. 

705 

706 

710 

704. 

696. 

685 

678. 

666 . 

705. 

711 

702 

690 . 

684 

679. 

669 

687 

701 . 

685. 

679. 

674. 

674 

66S. 

779 

795 

769 

758. 

750 

736 

717. 

825 

831 

850 . 

800 

788 

774 

753. 

761 

765 

750 

741 . 

730 . 

719. 

706. 

784 . 

792. 

776 . 

763. 

753. 

742. 

726. 

821 

832 

815. 

803 

792. 

779. 

763 

812 

818. 

807 

796 

783. 

774 

765. 


OIL PRESSURE 
FUEL SPILL 
BOOST <RF ) 
BOOST <RR) 
BOOST (LF) 
BOOST <LR) 

AIR BOX 
INLET VAC <RF 
INLET VAC. (RR 
INLET VAC (LF 
INLET VAC. (LR 
EXH PRESS. (R 
EXH PRESS (L 
TURB. IN (RF) 
TURB. IN (RR) 
TURB. IN (LF) 
TURB IN. (LR) 
FUEL PRESS. 
EMULSION PRESS 
FUEL SUPPLY 
WATER PRESS. 


PSI 

PSI 

PSI 

PSI 

PSI 

PSI 

PS] 

) IN-H20 
) IN-H20 

> IN-H20 

> IN-H20 
)PSI 
)PSI 

IN-HG 

IN-HG 

IN-HC 

IN-HG 

PSI 

PSI 

PSI 

PSI 


51.0 

51.0 

51.0 

51.0 

51.0 

51.0 

51 

47 0 

46.0 

46.0 

45.0 

45.0 

45.0 

44 

4.5 

4.5 

4.5 

4.5 

4.2 

4.0 

4 

3.0 

4.5 

4.5 

4.5 

4 0 

4.5 

4 

3.0 

4 0 

3.5 

3.5 

3.0 

3.5 

3 

4.5 

4.5 

4.5 

4.5 

4.5 

4.0 

4 

6 0 

6.0 

6.0 

6 0 

6.0 

6.0 

6 

4.3 

4.4 

4.3 

4.7 

4 . S 

4.6 

4 

4.5 

4.6 

4.5 

4.5 

4.5 

4.5 

4 

8.7 

8.5 

8.7 

8.6 

8.3 

8.3 

8 

8.4 

8.4 

8.4 

8.3 

8 3 

8.3 

B 

. 1 

. 1 

. 1 

. 1 

. 1 

. 1 


1 

. 1 

. 1 

1 

. 1 

. 1 


10.0 

9.8 

9 9 

9.8 

9.6 

9.6 

9 

9.7 

9.7 

9 6 

9.6 

9.4 

9.5 

9 

9.7 

9.7 

9.6 

9.6 

9.5 

9.4 

9 

9.7 

9.7 

9.6 

9 6 

9.5 

9.4 

d 

26.0 

22.0 

26.0 

26.0 

26.0 

26.0 

100 . 

100 

100 

100 . 

100. 

100 

100 

3.0 

3.3 

3.0 

3.0 

3.0 

3.0 

3 

0 

0 . 

50 . 

50 . 

50 . 

60 . 

65 
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TABLE C-34. ENGINE TEST RESULTS, DETROIT DIESEL 
ENGINE, 1600 RPM, BASELINE 


DYNAMOMETER CONSTANT 2000 
H/C RATIO: 1.82 

RUN NUMBER 
NOM. WATER PCT. 


API GRAVITY OP DIESEL FUEL: 33 9 AT 6OF 


ENGINE SPEED 
OBS. TORQUE 


BAR. PRESS. 
DRY BULB 
Uhl BULB 
REL. HUMIDITY 
CORR. BHP 
CORR. BMEP 


FUEL FLOW 
WATER FLOW 
CALC. VOL. 
BSFC 

AIR FLOW L 
AIR FLOW R 


COOLANT IN 
COOLANT OUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 
FUEL SUPPLY 
FUEL COOLER 
INTAKE AIR <RF 
INTAKE AIR <RR 
INTAKE AIR (LF 
INTAKE AIR (L.R 
HP AIR <RF> 

HP AIR <RR) 

HP AIR (LF) 

HP AIR (LR) 
EXH. STACK 
WATER INLET 
CELL AIR 
EXHAUST 1R 
EXHAUST 2R 
EXHAUST 3K 
EXHAUST 4R 
EXHAUST 5R 
EXHAUST 6R 
EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 
EXHAUST 4L 
EXHAUST 5L 
EXHAUST 6L 


RPM 

L6-FT 


IN-HG 
DEG F 
DEG F 
PCT 
HP 
PSI 


LB/HR 
CC/MIN 
PCT . 

LB/BHP-HR 

LB/MIN 

LB/MIN 


DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
>DEG F 
) DEG F 
>DEG F 
>I)EG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 
DEG F 


259.2V 
0 . 0 
0 . D 
.4001 
85.7 
93.1 


260.12 
0 . 0 
0 . 0 
.3940 
82.0 
91 .S 


29 17 
75. 

64. 

S5 

660.7 

91.5 


260 37 
0 0 
0 0 
. 3941 
84.4 
91 9 


OIL PRESSURE PSI 
FUEL SPILL PSI 

BOOST <RF) PSI 

BOOST (RR) PSI 

BOOST (LF) PSI 

BOOST (LR) PSI 

AIR BOX PSI 

INLET VAC. (RF>IN-H20 
INLET VAC. (RR >IN-H20 
INLET VAC. (LF)IN-H20 
INLET VAC. (LR>IN-H20 
EXH. PRESS. (R)PSI 
EXH. PRESS. (L)PS1 
TURB. IN. (RF> IN-HG 

m. iff. m f«-ffs 

TURB. IN. (LR) IN-HG 
FUEL PRESS. PSI 
EMULSION PRESS.PSI 
FUEL SUPPLY PSI 
WATER PRESS. PSI 


I* 

2.9 
20.0 
100 
3.0 
0 . 
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TABLE 036. PERFORMANCE AND EMISSION TEST RESULTS 
DETROIT DIESEL ENGINE, 800 RPM 


SJc N ™ tR i c 8? STANT ^*** 


API GRAVITY OF DIESEL FUEL 33 9 AT 60F 


RUN NUMBER 
NON WATER PCf 


ENGINE SPEED 
O0S TORQUE 


BAR PRESS 
DRY BULB 
Wf.T BULB 
REL HUMIDITY 
LORR BHP 
CORR BMEP 


FUEL FLOW 
WATER FLOW 
CALC VOL X 
BSFC 

AIR FLOW L 
AIR FLOW R 


STOICH f/A 
HEAS F/A 
CALC F/A 
X DIFF 



114 

120 

115 . 

116 

117 

118 

119 


0 

0 

S 

10 

IS 

20 

25 

RPM 

800 

800 

800 

800 

800 

800 

800 

LB-FT 

592 

592 

592 

592 

592 

592 

592 

IN-HC 

29 22 

29 14 

29 22 

29 21 

29 21 

29 19 

29 18 

DEG F 

88 

99 

09 

91 

92 

95 

99 

DEG f 

77 

» 

77 

78 

79 

78 

78 

PCT 

61 

58 

56 

54 

47 

19 

HP 

92 4 

93 8 

92 6 

92 9 

93 I 

93 5 

93 9 

PSI 

25 6 

26 0 

?S 6 

25 7 

25 8 

25 9 

26 0 

LB/HR 

42 95 

43 25 

43 18 

43 69 

43 80 

44 10 

44 81 

CC/MIN 

0 0 

0 0 

1/ 3 

46 5 

61 4 

94 0 

124 5 

PCT 

0 0 

0 0 

4 3 

10 5 

13 4 

19 1 

23 5 

LB/BHP-hr 

4650 

4612 

4665 

4702 

4704 

4715 

4773 

LB/MIN 

31 0 

30 9 

30 8 

30 4 

30 4 

30 2 

30 2 

LB/MIN 

30 9 

30 6 

30 9 

30 8 

30 7 

30 6 

30 5 


0689 

0689 

0689 

0669 

0689 

0689 

0689 


0116 

0117 

0117 

0119 

0119 

0121 

0123 


0101 

0100 

0102 

0102 

0103 

0103 


PCI 

-12 64 

-14 39 

-13 02 

-13 97 

-14 05 

-14 35 

-15 23 


COOLANT IN 
COOLANT QUT 
OIL SUMP 
FUEL IN 
FUEL RETURN 

Stilt EKETU 

INTAKE AIR <RF) 
INTAKE AIR (RR) 
INTAKE AIR (LF) 
INTAKE AIR <IR) 
HP AIR (RF) 

HP AIR (RR > 

HP AIR (LF) 

HP AIR (LR > 

EXH STACK 

8KT 

EXHAUST 2R 
EXHAUST 3R 

Is 

EXHAUST 6R 
EXHAUST 1L 

i5B8uii it 

EXHAUST 4L 
EXHAUST 5L 
EXHAUST 6L 


F 

M 

163 

174 

183 

173 

F 

174 

181 

189 

186 

F 

193 

187 

193 

200 

194 

F 

10S 

106 

106 

108 

106 

F 

125 

124 

125 

127 

123 

F 

110 

117 

111 

113 

114 

F 

104 

103 

104 

107 

104 

F 

97 

110 

98 

102 

103 

F 

92 

107 

95 

97 

99 

F 

90 

1QS 

92. 

95. 

90 

F 

89 

105 

91 

94 

97 

F 

102 

117 

tos. 

107 

109 

F 

102 

118 

105. 

108. 

no 

F 

104 

119 

106. 

19 

lit 

F 

101 

116 

104. 

106 

109 

F 

381 

381 

380 . 

383 

374 

F 

102 

89 

92 

95 

F 

88 

too 

90 

92 

94 

F 

379 

375 

376 

362 

375 

F 

360 

354. 

357 

364 

358 


35L 

341 

33? 

423 

401 

390 

420 

418 

436 


344 

341 

422 

401 

393 

419 

41 7 . 

4 JS . 


JbO 

347 

345. 

425 

403 

397 

420 

420 

433 


181 

187 

200 

106 

125 

116 

104 

107 

104 

103. 

102 . 

114. 

114. 

116. 

113. 

376. 
96 
98 

377. 
362 
346. 
359 
349 
345. 
413. 
396. 
3B9. 
410. 
413 
420 


168 

177. 

192. 

104. 

120 

its. 

102 . 

107. 

104. 

102 

102 . 

114. 

115 

US 

113. 

366 

iH: 

JS2 

339 

350 

339 

339 

SSL 

378 

400 

401 
407 


OIL PRESSURE 

sawm 

BOOST (RR) 
BOOST <LF> 

INLET VAC 
INLET VAC 

fSJtif he 
m. Fill 

TURB IN 
TURB IN 
TURB. IN 
TURB. IN 


<LF>IN-H20 
<LR)IN-H20 


i. (L)PS1 
<RF> IN-HC 
(RR) IN-HG 
<LF > IN-HG 
<LR) IN-HG 


FUEL PRESS. PSi 
EMULSION PRESS PSI 
FUEL SUPPLY PSI 
WATER PRE88 PSI 


HYDROCARBONS PPHC 

ifeci:: 

CARBON DIOXIDE PCT 
OXYGEN PCT 

-rticulate NC/I 


rrm, 

£ EE3 

SPPH 


PARTICULATE 

ML 

B9HC 

BSCO 

BSNO 


VSCF 

GM-HR 

GH/BHP-HR 

8S «£» 


368 


27 0 

26.0 

25 0 

25 0 

25.0 

26 0 

25.0 

25 0 

25 0 

26 0 

26 0 

25.0 

5 

5 

.5 

5 

5 

5 

1.0 

0 

a 

.8 

8 

.9 

0 0 
.7 

0,0 0 0 

0 0 

7 

0 0 

6 


13 

13 

1.3 

1.3 

13 

1.3 

8 

.8 

.0 

2.8 

2 8 

.8 

9 

2 8 

2.1 87 

M 

2 8 

8 

2$ 


2 8 
0 0 
0 0 
1.6 
1.5 
16 

29. S 
100 

*2 


u 
1.6 
1 5 
1.5 
17 
28.0 
100 


IA 

1.6 

1.5 

1.5 

28 0 
100 

.3 


.8 
0.0 
0.0 
16 
1.5 
1.5 

1 7 
28.0 
100 . 

3 3 


0 

0 

1 

1 

1 

i 

28 

100 

3 


2 

0 

0 

28 

100 

3 


0 ' 

50 

50 

50 . 

50 

so: 

376 

48S 

532 

463 

484 

393. 

469. 

Iff 

ill 

ill 

fli 

Ill: 

2 1 

2 1 

2 1 

2 1 

2.1 

2.1 

16 7 

16 0 

15 8 

18 0 

16 7 

17 2 

1.0 

12 

1 3 

12 

1 2 

1 1 

356 

4S5 

500 

436 

455 

.Hi 

ilSf: 

»!li 

»»I: 

dll 


3 95 

5 04 

5 S5 

4 83 

5 05 

4.14 

2 24 
17 09 

2 79 
17 44 

3 55 
16 55 

3 98 
18 71 

5 18 
16 35 

ill! 
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TABLE C-37. PERFORMANCE AND EMISSION TEST RESULTS, 
DETROIT DIESEL ENGINE, 1000 RPM 


DYNAJj^Jtl^CggSTANT 3000- API CkAVITY OF DItSEl FULL. 33 7 PI bOF 


RUN NUMBER 


107 

113. 

NON WATER PCT 


0 

0 

ENGINE SPEED 

RPM 

1000 

1000 

OBS. TURWUE 

LB-FT 

877 

877 

BAR PRESS 

IN-MG 

29.23 

29 12 

DRY BULB 

DEG F 

87 

100 . 

WET BULB 

H P DITY 

¥ F 

77 

44 

172 0 

& 

CORR BMEP 

PSI 

38 1 

38 6 

FUEL FLOW 

LB/HR 

73.26 

73.38 

WATER FLOW 

CC/MIN 

0 0 

0 0 

CALC VOL. X 

PCT. 

0 0 

0 0 

BSFC 

LB/BHP-HR 

4259 

4207 

AIR FLOW L 

IB/M1N 

40 3 

3U 7 

AIR FLOW R 

LB/MIN 

40 1 

3y 5 

ST01LH F/A 


0689 

. 0689 

MEAS. F/A 


01S2 

0156 

CALC F/A 


0140 

.0138 

X DIFF. 

PCT 

-7.72 

-It.52 

COOLANT IN 

8TC L §ltfp 4ur 

DEG F 

173 

167 

Ml 

1 W 

179 

194 

FUEL IN 

DEG F 

108 

108 

FUEL RETURN 

DEG F 

127 

126 

m man 

III l 

102. 

106 

107. 

106 

INTAKE AIR (RF)DEC F 

99 

113 

INTAKE AIR (RR)DLG F 

92 

105 

INTAKE AIR (LK >DEG F 

INTAKE AIR (LR)DEG F 

94 

106 

94. 

106 

HP AIR (RF) 

DEG F 

110 

122 

HP AIR (RR) 

DEG F 

110 

123 

HP AIR (LF) 

DEC F 

116 

129 

HP AIR (LR) 

DEG F 

113 

125 

EXH STACK 

DEC f 

466 

467 

WATER INLET 

BE l 

DEG F 

90 

102 

EXHAUST*1R 

92 

481 

104 

478 

EXHAUST 2R 

DEG f 

448 

451 

EXHAUST 3R 

DEC F 

433 

435 

f«8HT 45 

llll 

4$l 

ill 

EXHAUST 6R 

DEG F 

43S . 

440 

EXHAUST 1L 

DEG F 

S2S 

52 ? 

EXHAUST 2L 
EXHAUST 3L 

DEG ► 

DEG F 

ftt: 

479. 

EXHAUST 4L 

DEG K 

S2S 

518 

EXHAUST SL 

DEG F 

523 

520 . 

EXHAUST 6L 

DEG F 

547 

547 

OIL PRESSURE 
FUEL SPILL 
BOOST (RF) 

PSI 

PSI 

34 2 
33 0 

J?:l 

PSI 

1.0 

10 

BOOST (RR) 

PSI 

1.8 

2 1 

BOOST (LF) 

PSI 

0 0 

0.0 

§?B s Joi LR> 

Eli 

1 1 

2 0 

1 1 

2 0 

INLET VAC. (RF>IN-H20 

1.4 

4.1 

INLET VAC. (RR)1N-H20 

mi «g. stv.M 

1 5 

i.9 

4.1 

M 

EXH PRESS <R)PSt 

EXH PRESS (DP SI 

H 

n 

TURB IN (RF) 

IN-HG 

3 0 

3 0 

TURB IN (RR) 

1N-HG 

2.8 

2.9 

TURB IN (LF) 

IN-HG 

2 8 

2.8 

TURB ) N, (LR) 

IN-HG 

3.0 

3.1 

FUEL PR£$S. 

PSI 

25 0 

4 2 .* 

EMULSION PRESS 

P81 

100 . 

100 

FUEL SUPPLY 

PSI 

3.S 

3.0 

WATER PRESS 

P81 

0 . 

0 . 

HYDROCARBONS 

PPMC 

422. 

507 

CARBON hONOXIDEPPM 

80 

94 

NITRIC UXIDE 

PPM 

549 

578 

NITROGEN 0X1DE8PPH 

576. 

619 

CARBON DIOXIDE 

PCT 

2 9 

2 9 

OXYGEN 

PCT 

IS 9 

15 8 

PARTICULATE 

HC/SCF 

l 6 

1 3 

HC HA83 

CH-HR 

488 

594. 

Mis 

CH-HR 

GM-HR 

«4M: 

217. 

2418. 

B8HC 

GM/BHP-HR 

2.92 

3 56 

ms 

GN/BHP-HR 
GM/BHP-HR 

1 08 
15.05 

1.30 
14.48 


108 

109. 

110 

ill 

112 

5 

10 

IS. 

20. 

25 

1000 

1000 

1000 

1000 

1000 . 

877 

877 

877 

877 

877 

29.22 

29 21 

29 18 

29 16 

29.14 

92 

93 

95 

9S 

98 

77 

77 

78 

77. 

It 

51 

49. 

47. 

44. 

171 8 

172 0 

172 7 

174.1 

173 3 

38 0 

38 1 

38 3 

38 6 

38 4 

74,14 

73.65 

74 50 

74.53 

74.01 

3 is 

66 4 

109.5 

1SS.9 

211.7 

4 6 

9.1 

14.0 

18.8 

24.1 

4316 

.4283 

4314 

4281 

4270 

40 3 

40 2 

39.9 

3? 0 

39 3 

39 6 

39 6 

39 5 

39.2 

39.4 

0689 

0689 

0689 

0689 

. 0689 

0155 

0154 

0157 

0159 

0157 

0139 

0138 

0139 

0139 

.0139 

-9 95 

-10 17 

-11. tl 

-12 43 

-11 43 

175 

173 

174. 

173 

ill 

200 

183 

199 

ML 

182 
200 . 

181. 
200 

109 

110 

108. 

108 

106. 

128 

129 

125 

125 

122 

104 

104 

105 

107. 

107. 

108 

109 

107 

106 

104. 

100 . 

105 

112 

114 

110 

94 

98 

100 

101 

102. 

98 

101 

102. 

104 

106 

97 

99 

102. 

104. 

105 

111 

115. 

117. 

118 

119 

112 

116 

118. 

119 

119 

120 

122. 

124. 

126 

127. 

116 

119 

120 

122. 

123 

465 

463 

45S. 

448 

443 

91 . 

97 

96. 

96 

?6 

92 

93 

95 

102. 

100 

4R0 

468. 

470 . 

466 

456. 

446 

440 

444. 

444. 

442. 

435 

431 . 

430 . 

429 

a 

453 

435 

til 

441. 
431. 

440. 

428. 

433 

427 

426 

424 

429 

11? 

?ol. 

509. 

504 

503 

493 

nr 

484. 

4B0 

466 

477 

469 

S19. 

509 

505 

497 

488 

523 

511 

507. 

497. 

490. 

542 

532 

527 

520 . 

508 

34 0 
33.0 

33.7 
33 0 

33.8 
33 0 

33.8 
35 0 

Ml 

1 0 

1 0 

1 0 

1 0 

1.0 

1 8 

18 

1.9 

1 9 

2.0 

0 0 

0 0 

0.0 

0.0 

0.0 

1 . 1 

1 1 

1 1 

i 1 

1 1 

2.0 

2 0 

2.0 

2 0 

2 0 

14 

14 

IS 

1 5 

1.5 


1.5 

1.4 

4 1 

4.1 

Vi 

4.1 

4 1 

VI 

V? 

if 

0.0 

0 0 

o 6 

8 8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

3 0 

3 0 

2.9 

2.9 

'3.0 

3.0 

2.9 

2.9 

2.9 

2 9 

2 9 

2.9 

2.9 

2 8 

3 1 
50.0 

3 1 
26 0 

28 1 

3.1 
28. 0 

2?.I 

105. 

100 

100 . 

100 

100 . 

30 0 

3.0 

3 0 

3.0 

3.3 

50 

SO. 

50 . 

so 

50. 

652 

720 

610 

588 

546. 

119. 

136 

145 

145. 

164. 

S27. 

563. 

491 

543. 

SOO. 
554. 

in 

444 . 
492. 

2.9 

2 8 

2.9 

2 9 

2.9 

16.2 

15 1 

16.0 

15 5 

16.3 

1.4 

1.5 

1.4 

1.3 

1.3 

767. 

846 

723. 

697. 

644. 

275 

2431 

314. 

2380. 

2?li 

■M 

2p|- 

4.59 

5 08 

4.33 

4.17 

3.86 

1.65 

1 88 

2.01 

2.01 

iS.ii 

14 56 

14.25 

15.13 

14.64 
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TABLE C-38. PERFORMANCE AND EMISSION TEST RESULTS, 
DETROIT DIESEL ENGINE, 1200 RPM 


vmv'iW™ 1 3000 

API 

GRAVITY 

OF DIESEL FUEL: 33.9 AT 

60F 




RUN NUMBER 


121 

127 

144 

150 

122. 

145 


123. 

146. 

NOM WATER PCT 


0 

0 

0 

0 

5 

5 


10 

10 

ENGINE SPEED 

RPM 

1200 

1200 

1200. 

1200 

1200 

1200 


1200 . 

1200 

OBS. TORQUE 

LB-FT 

1231 

1231 

1231 

1231 

1231 

1231 


1231. 

1231 

BAR PRESS 

IN-HC 

29 20 

29 11 

29.11 

28 96 29.19 

29 06 

29 19 

29.04 

DRY BULB 

DEC F 

09 

101 

96. 

102 

91 

100 


92. 

102 

Wfcl BULB 

DEC F 

77 

78 

74 

73 

77 

76 


78 

77 

REL HUMIDITY 
COkR. BHP 

per 

S8. 

36. 

35. 

24 

S3 

33 


54. 

32. 

HP 

289.4 

294 2 

290.8 

294 6 290 4 

293. 


291 1 

294.7 

CORR BMEP 

PSI 

S3 4 

54 3 

53.7 

54 4 

S3 6 

54.1 

S3 7 

S4.4 

FUEL FLOW 

WATER FLOW 

LB/HR 

114.65 

116 46 

115.06 

116 46 115.76 

116 22 

‘Uv 1 ! 

116 6? 

CC/MIN 

0 0 

0.0 

0.5 

0 . 

S3 1 

S3 


112.5 

CALC. VOL X 

PCT 

0 0 

0 0 

0.0 

0. 

4 8 

4 8 

9.4 

9.6 

BSFC 

LB/BHP-HR 

3962 

3959 

3956 

3953 .3907 

3964 

.3992 

.3960 

AIR FLOW L 

LB/MIN 

49 5 

II? 

50.2 

49.5 49.9 

3? 


50 6 

50.7 

AIR FLOW R 

LB/MIN 

51 8 

52 0 

51 6 51.7 


52 0 

51 6 

STOICH F/A 


. 0689 

0689 

0689 

.0689 .0689 

. 0609 

. 0689 

0689 

MEAS f/A 


0109 

0189 

0188 

.0192 .0190 

0191 

.0189 

.0190 

CALC F/A 


.0175 

.0175 

.0173 

.0173 0176 

0175 

-m 

.0177 

X DIFF 

PCT 

-7 22 

-7 44 

-7 55 

-9 97 -7 28 

-8.22 

-7 07 

COOLANT IN 

DEG F 

177 

167 

178 

166 

172 

159 


176 

165 

EMSp 01 ” 

DEC F 

DEC F 

111 

179 

199. 

186 

204. 

179 

201 

181 

204 

Ml 


^05 

178 

201 

FUEL IN 

DEG F 

no 

112 

110 

112 

112. 

111 


112 

112 

FUtL RETURN 

mi mm 

|eg f 

106 

ill 

Iff: 

iff 

ill 

128 

in 


130 

100 

111 

130 

102 

116 

INTAKE AIR (RF 

)DEG F 

103 

in . 

in 

114 

102. 

120 


105 

115 

INTAKE AIR <RR 

>DEG F 

?2 

104. 

99 

10B 

94. 

109 


96 

112 

INTAKE AIR (LF 
INTAKE AIR <LR 

)DEG F 

95 

108 

103 

111 

97. 

106 


100 

109 

)DF.G F 

95 

108 

102 

no 

96 

105 


99 

107 

HP AIR <RF) 

DEG F 

12S. 

137 

132. 

142 

126 

142 


128 

146 

HP AIR < RR > 

DEG F 

DEC F 

125 

137. 

Ill 

141 

126 

141 


128 

145 

HP AIR (LF) 

133 

147 

149 

136. 

143 


139. 

146 

HP AIR < LR > 

DEC F 

129 

141 

136 

144 

131 

138 


133 

141 . 

EXH STACK 

DEG F 

564 

566 

568 

571 

554 

551 


549 

SS3 

WATER INLET 

DEG F 

89 

104 

96 

107 

91 

100 


97 

iJI: 

CELL AIR 

DEG F 

91 

104 

98 

107 

94. 

102 


95 

EXHAUST 1R 

DEG F 

590 

587 

603 

591 

579 

503 


569 

584 

EXHAUST 2R 

DEC F 

558 

S57 . 

577 

567 

546 

SS4 


539 

552 

EXHAUST 3R 
EXHAUST 4R 
EXHAUST SR 

DEG F 

564. 

iff 

179 

540. 

572 

Ilf 

S70 

584 

553 

559 

III 

m 

546 


554 

1 6 4 6 7 

III: 

552. 

EXHAUST 6R 

DEG F 

546 

544 

552 

548 

541 

540 


534. 

541 

EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 

m i 

If! 

Iff 

til 
620 . 

III 

617 

11 

!« 


ttf: 

589. 

141 

591 

EXHAUST 4L 

DEG F 

653 

645. 

656. 

651 

638 

637 


629. 

633. 

EXHAUST 5L 

DEG F 

644 

645. 

tn 

652 

III 

III 


622 

IIS 

EXHAUST 6L 

DEC F 

670 

661 

672 


643. 

OIL PRESSURE 

PSI 

41.7 

43.5 

42.8 

43.0 42.0 

44. 


41.0 

43.0 


PSI 

PSI 

41.0 

2 0 

44.0 

2.0 

*1% 

45.0 43 0 

2 0 2.0 

4 ? .1 


i:8 

44.0 

19 

BOOST (RR> 

PSI 

2.1 

2 8 

2.2 

2.5 2 2 

1.9 

2.3 

2 2 

BOOST (LF) 

PSI 

1.1 

1 1 

1 1 

1.2 1.4 

1. 


1.3 

1.1 

BOOST (LR) 

PSI 

2.1 

2.1 

2.2 

2. S 2 1 

2.1 

2 1 

2.1 

AIR BOX 

PSI 

3 0 

3.2 

3.8 

3.0 3.0 

3.5 

3.2 

4.0 

INLET VAC (RF)IN-H20 

2.4 

2.5 

2 4 

2.6 2.5 

2. S 

2 5 

2.5 

INLET VAC (RR)IN-H20 

2.4 

2.7 

2.5 

2.' 

2.5 

2 


2.6 

2.6 

INLET VAC. (LF)IN-H20 

5 7 

6.0 

S. 9 

6 1 

I 7 

S. 9 

5 8 

6.0 

INLET VAC (LRHN-H20 

5.6 

5.9 

5 8 

6 < 

56 

6 


5.7 

5? 

f»: mi 1CKH 

U 

H 

f 1 

M 

u 

l 


v.i 

1:1 

TURB. IN. <RF) 
TURB. IN. (RR) 

IN-HC 

S. 1 

S.2 

5.3 

S. 

5.2 

S3 

5 2 

5.3 

1N-HG 

5.1 

5.3 

5.3 

5 ; 

5.3 

5 2 

5 3 

5.3 

TURB. IN. (LF) 

IN-HC 

5.1 

5 3 

S.2 

5 

5.1 

S 2 

5.1 

5.2 

TUkB IN. (LR) 
FUEL PRESS. 

IN-HG 

PSI 

zli 

2?.‘5 


20 i 

all 



2§ f 

HI 

EMULSION PRES8 

PSI 

100 

100. 

100 

100 


100 

100. 

FUEL SUPPLY 

P8I 

2 0 

3.0 

2.8 

3 7 2 9 

2 6 

2 8 

2 7 

WATER PRESS 

PSJ 

0 

• 

0 . 

0 

so 

60 


50 

60 


HYDROCARBONS PPHC 
CARBON MONOXIDEPPM 
NITRIC OXIDE PPH 
NITROGEN OXIDESPPH 
CARBON DIOXIDE PCT 

PARTICULATE MG/8CF 


513 

4»: 
692 
J .7 

4 M 


S10 

83 

3.7 


3 6 

4 ? f 















TABLE C-39. PERFORMANCE AND EMISSION TEST RESULTS, 
DETROIT DIESEL ENGINE, 1200 RPM, 15, 20, AND 25% WATER 




RUN NUMBER 
NON WATER PCT 


ENGINE SPEED 
0B8 TORQUE 


API GRAVITY Of D1E8EL FUEL■ 33 9 AT fcOF 


BAR PRESS IN-HC 

DRY BULB DEC F 

WET BULB DEC F 

REL HUMIDITY PCT 
LORI. BMP HP 

CORR BMEP P3I 


FUEL f LOW 
WATER FLOW 
CALC VOL X 

S?R C FLOW L 
AIR FLOW R 


STOXCH F/A 
HEAS. F/A 
LALC F/A 
1 DIFF 


COOLANT IN 
COOLANT OUT 
OIL 9UMP 
FUEL IN 
FUEL RETURN 

ftiti: 8KU 

INTAKE AIR < 
INTAKE AIR < 

\mi ; 

HP AIR (RF > 
HP AIR (RR > 
HP AIR (LF> 
HP AIR UR) 
EXH. STACK 
WATER INLET 

exW&usJ R ir 

EXHAUST 2R 
EXHAUST 3R 
EXHAUST 4R 
EXHAUST SR 
EXHAUST 6R 
EXHAUST 1L 

mi; it 


DEC F 
< RF)DEC F 

mi \ 
m 

DEC f 
DEC F 


EXHAUST 4L 

DEC F 

625 

625. 

621 

618 

610. 

642 

EXHAUST SL 

DECF 

61? 

til 

615 

616 

601. 

668 

EXHAUST 6L 

DEC F 

630 

633 

630 

617 

6i7 

OIL PRESSURE 

PSI 

4? . 0 

42.4 

41 0 

42 3 

42.0 

HI 

2.0 


PSI 

PSI 

43.0 

2.0 

44.0 

2 0 

43 0 

2 0 

44.0 

2.0 

42 0 
2.0 

BOOST < RR) 

PSI 

2.4 

2.3 

2 5 

2 3 

2 6 

2 5 

BOOST (LF > 

PSI 

1 2 

l .1 

1 .0 

t l 

1 J 

1 1 

m B W LR) 

PSI 

2 1 

2.1 

2.0 

2.4 

2. t 

2 4 

PSI 

3.2 

3 9 

3.0 

4 0 

3.2 

3.0 

INLET VAC. (RF)IN-H20 

2.5 

2 5 

2.5 

2.5 

2 5 

2.6 

INLET VAC. (RR)1N-H20 

2.6 

2 6 

2 6 

2.6 

2 6 

2.7 

INLET VAC. (LF)IN-H20 

5.8 

5.9 

S 8 

5 9 

SB 

6 1 

INLET VAC. <LR>IN-H20 

5.7 

5.9 

5 7 

5 8 

5.7 

6 0 

EXH PRESS <R >PSI 

EXH PRESS <L)PSI 

11 

0.0 

0.0 

0 0 

0 0 

0 0 

0 0 

H 

0 0 
0 0 

TURB IN. (RF > 

IN-HG 

5 2 

5.3 

5 1 

S3 

5.1 

S.2 

TURB IN < RR) 

IN-HG 

S3 

5.2 

3.1 

S.2 

5.2 

5.1 

TURB IN (LF> 

IN-HG 

S.2 

5 2 

5 0 

5 2 

5.1 

S.2 

?^P^8 <LR> 
EMULSION PRE8S 

IN-HG 

PSI 

zll 

i 

2S. i 


?11 

4-i 

PSI 

100 . 

100 

100 

100 

100 . 

iOfi. 

FUEL SUPPLY 

PSI 

2 8 

2.7 

2.5 

2.7 

2 8 

3.0 

WATER PRESS 

PSI 

50 

60 

50 

60 

50 . 

60 



MC NASS 

iMts 

B8HC 

1158 


i»n - nn 

CM/BMP-M 

cS/SBr-h 


785 

686. 

789. 

670 

60S 

60S. 

96 

91 

94 

89 

91 . 

84 

W: 

W\ 

644. 

677 

701 

737. 

Hi 

654. 

694. 

3 7 

3 6 

3.7 

3.7 

3.7 

3 7 

14.8 

ISO 

15.4 

16.0 

ISO 

15.3 

17 

IS 

t .8 

1.7 

1 4 

1 5 

38 

1018 

1155. 

992 

1002. 

889. 

263 

4127. 

268 

4364 

258 

375V. 

258. 

4110. 

241. 
3674. 

4.11 

3 62 

411 

3.53 

3.56 

3 16 

hVs 

14.68 

95 

15.52 

u.?£ 

92 

14.62 

1 1 








TABLE C-40. PERFORMANCE AND EMISSION TEST RESULTS 
DETROIT DIESEL ENGINE, 1400 RPM 


DYNfeWjl^ER^CggSTANT ^000 API GRAVITY OP DIESEL FUEL. 33 * AT EOF 


RUN NUMBER 


128 

134 

129 

130 

131 

132 

133 

NON WATER PCT 

RPM 

0 

0 

5 

1400 

10 

1400 

IS 

20. 

25 

ENGINE SPEED 

0B8 TORQUE 

1400 . 

1400 . 

1400 

1400 

1400 

LB-FT 

1654 

1654 

1654 

1654 

1654 

1654 

1654 

BAR PRES8 

IN-HG 

2? 22 

29 14 

29.21 29.21 

29 20 

29.19 

29 17 

DRY BULB 

DEC F 

07 

102 

89 

94 

94 

94. 

100 

WEI BULB 

DEG F 

77 

76 

77 

78 

78 

7B. 

77 

REL HUMIDITY 
COfcR BHP 

PCT 

64. 

30. 

58 

49 

49 

49 

JS 

HP 

453.3 

459 3 

453 ' 

457 5 

458 8 

459.0 

458 7 

CORR BMEP PSI 

71 7 

72.7 

71 8 72.4 

72 6 

72 6 

72 6 

FUEL FLOW 

LB/HR 

170.17 

178.39 

178.39 177.7b 

177 95 

178.22 

179 37 

WATER FLOW CC/MIN 

0.0 

0.0 

81 2 173 4 

288. S 

391.0 

S17 S 

CALC VOL X 

PCT 

0 0 

0 . 0 

4.8 9 7 

15 ? 

19.5 

24 2 

BSFC LB/BMP-HR 

3931 

3884 

.3932 3886 

.3879 

3883 

3911 

AIR FLOW L 

LB/MIN 

63.9 

64 6 

65.« 

62 3 

61 9 

61.9 

63 3 

AIR FLOW R LB/MIN 

68 0 

66 5 

68 3 67 9 

65 9 

65 9 

66 0 

STOICH F/A 


0689 

0689 

0689 .0689 

0689 

0689 

0689 

MEAS F/A 


0225 

0227 

.0222 0228 

0232 

0232 

0231 

CALC, F/A 

X DIFF PCT 

,0170 

-&4 .So 


.0172 .0174 

-22 S3 -23 3S 

. 0176 
-24 19 

0175 

-24.53 

0176 
-24 10 

COOLANT IN DEG F 

169 

173. 

169 

169 

169 

172. 

172 

6?E L §HmP 0UT gig F 

20 h 

183 

£09 

181 

206 

181 

207 

181 

207. 

183 

209 

183 

210 

FUEL IN DEG F 

112 

114 

112 

114 

112 

ill 

109 

FUEL RETURN DEG F 

131 

135 

131 

132 

130 

128 

126 

FUEL SUPPLY DKG F 

95 

101 

95 

98 

98 

99 

100 

FUEL COOLER DEG F 

1J9 

109 

IIP 

112 

109 

108 

105 

INTAKE AIR (RF)DEC F 

1C3 

114 

102 

107 

109 

110 

112 

INTAKE AIR (RR)DEC F 

92 

105 

92 

99 

100 

132 

104 

INTAKE AIR <LF)DEG F 

INTAKE AIR (LR)DEG F 

9S 

110 

9S 

103 

104 

104 

106 

93 

109 

< 4 

100 

102 

1"3 

105 

HP AIR (RF) DEG F 

ISO 

165 

150 

156 

157 

157. 

160 

HP AIR <RR> 

DEC F 

149. 

163 

149 

155 

155 

157 

1S9 

S18 ItSS 

let 

161 

177 

161 

167 

167 

168 

170 

152 

170 

154 

158 

159 

160 

163 

EXH. STACK 

'EG F 

652 

672 

641 

644 

637 

632 

624 

WATER INLET DEG F 

86 

104 

95 

103 

103 

102 

100 

EXH^Usf 1R 

5IB F 

*n. 

104 

712. 

91 

693 

98 

697 

100 

695 

100 

686 

102 

679 

EXHAUST 2R 

DEG F 

677 

690 

676 

6/3 

669 

660 

666 

EXHAUST 3R 

DEG F 

6?I: 

715 

690 

695 

692 

686 

6B4 

IxHAulJ tt 


699 

674 

674 

672 

669 

665 

>EG F 

668 

686 

664 

666 

666 

662 

661 

EXHAUST 6R 

DEC F 

646 

667 

648 

649 

646 

646 

759 

EXHAUST 1L 
EXHAUST 2L 
EXHAUST 3L 

HE l 

W: 


7?5 

770 

767 

726 

756 

720 

745 

713 

736 

DUG F 

714 

736 

709 

710 

702 

6/8 

693 

EXHAUST 4L 

:tc f 

7S3 

776 

743 

741 

731 

722 

717 

EXHAUST SL 

DEG F 

755 

776 

748 

746 

737 

729 

720 

EXHAUST SL 

DEC F 

7S7 . 

702 

750 

748 

742 

737 

727 

Mr 

m 

•91 

m 

S ll 

S-:i 

50 0 
& 

50 0 

SO 0 
45 0 
3.5 

49 8 
45 0 
3 6 

B008 T <RR) 

W S! 1 

»SI 

4.7 

3 0 

- 

3.2 

3 0 

3.0 

3 1 

•81 

11 

SB 

U 

5.1 

2 

4. 

4 . 

2 8 

4 0 

5 ? 

2 1 

3 8 

5 2 

2.1 

3 8 

4 8 

3 b 

5 2 

INLET VAC. <RF>IN-H20 

4.3 

4.2 

4 . 

4.3 

8 4 

4.1 

4 2 

INLET VAC. (RR/IN-H20 

4.4 

4 3 

4 5 4 3 

8 3 

4 3 

4 3 

ifltlT M. 

IN-H20 

IN-H20 

0 5 

8 3 

8 7 

8 6 

8 6 8 5 

8 5 8 4 

4.2 

4 2 

8 5 

8 3 

0 4 
8 3 

m Mill. iUHi 

0 0 

0 0 

0 0 

0 . 0 

0.0 00 

0.0 00 

0 0 

0 0 

O 0 

0 0 

0 0 

0 0 

TURB. IN. <RF) IN-HG 

9 1 

9 1 

9 2 

9.0 

8 9 

8 8 

8 9 

TURB. IN. <RR> IN-HG 

9 0 

9 1 

9 1 

8 9 

8 8 

8 4 

0 9 

TURB. IN. (LF> IN-HG 

9.0 

9.0 

9.2 

8 ? 

6 8 

8 5 

8 7 

TURB. IN. <LR) IN-HG 

9.0 

2? J 

9.2 8.9 

■= 8 

8 7 

8 8 

FUEL PRE&S. rSI 

30 0 

30 

30.0 

30 0 

30 0 

29 0 

EMULSION PRESS.PSI 

100 

100 

i 00 . 

100 

100 

100 

100 

FUEL SUPPLY P8I 

3 1 

0 0 

2.7 

2 8 

2 7 

2 6 

2 5 

WATER PRE88 PS1 

0 

0 

60 . 

60 

60 

60 

65 

HYDROCARBONS PPMC 

420. 

497 

646 

649. 

684 

682 

633 

CARBON MONOXIDEPPM 

141. 

136 

116 

96 

76 

67 

56 

RHSAUVxWsM'h 

683 

691 

764 

778 

676 

709 

68? 

706 

MS 

706 

737 

674 

698 

CARBON DIOXIDE PCT 

3.6 

3.6 

3 4 

3.6 

3 7 

3 7 

3 7 

OXYGEN PCT 

15.4 

15.7 

14.6 15.6 

15 5 

15 4 

14 8 

PARTICULATE MC/SCF 

15 

1.2 

1.8 1.6 

1.5 

1.6 

1 6 

HC MASS 

SM-HR 

977. 

1147. 

1483 

1466 

1536 

1539 

1437 

CO MASS 

SM-HR 

640 

613. 

518 

422 

334 

293 

245 

NOX MASS 

;m-hr 

5940. 

5776 

6100 

6055 

6640 

6906 

6395 

08HC 

;m/bhp-hr 

2.22 

2.60 

3 36 332 

3 48 

3 49 

3 26 

BBCO 

JM/BHP-HR 

JM/BHP-MR 

1.45 

1.39 

1 IB .96 

76 

66 

S6 

B8NO 

13.47 

13 10 

13.63 13.73 

IS 06 

15 66 

14 50 


. . .. Ffr. ^ «3u^.T ■ 


139 






TABLE C-41. PERFORMANCE AND EMISSION TEST RESULTS, 
DETROIT DIESEL ENGINE, 1600 RPM 


sjnKm w . c » 

NSTANT JOM 

2 —- 

API 

GRAVITY 

OF DIESEL FUEL 

33 9 AT 

60F 


RUN NUMBER 


135 

141 

136 

137 

130 

13? 

140 

NON WATER PCT 


0 

0 

S 

10 

15 

20 

25 

FNC1NE SPEED 

RPM 

1600 

1600 

1600 . 

1600 

1600 

1600 . 

1600 

OBS TORQUE 

LB-F T 

214 J 

2143 

2143 

2143 

2143 

2143 

2143 

BAR PRESS 

IN-HG 

29 19 

29 08 

2? 18 

2? 17 

29.17 

29 15 

2? 12 

DRY BULB 

DEG F 

80 

106 

90 

93. 

93 

99 

97 

WF7 BULB 

DEG F 

78 

77 

78 

78 

75 

78 

77 

REL HUMIDITY 
CORR BHP 

per 

64 

27 

S? 

51 

43 

39 

41 

HP 

672 5 

6B6 3 

673 9 

67S 9 

673 8 

677 3 

681 0 

CORR bMEP 

PSI 

93 1 

95 0 

93 3 

93 6 

93 3 

93 0 

94 3 

FUEL FLOW 

LB/HR 

262 97 

263 45 

263 16 

262 68 

262 77 

264 32 

262 97 

WATER FLOW 

CC/MIN 

0 0 

0 0 

120.0 

240 7 

401 5 

570.5 

661 5 

CALC VOL X 

PCT 

0 0 

0 0 

4 8 

9.5 

14 4 

19.2 

21 7 

8SFC 

LB/BHP-HR 

3911 

3838 

3905 

3806 

3900 

3902 

3862 

Aik FLOW L 

LB/MIN 

84.5 

80.9 

83 8 

81 3 

81.3 

82.3 

81 2 

AIR FLOW R 

L9/MIN 

87 3 

87 9 

89 5 

88 9 

88.4 

80 1 

07 3 

S10ICH F/A 


0689 

068? 

0669 

. 0689 

0689 

0689 

.060? 

MEAS F/A 


0255 

0260 

0253 

. 02S7 

0258 

0259 

0260 

CALC F/A 


0237 

0240 

0236 

0237 

0240 

0241 


X DIFF 

PCT 

-7 27 

-7 73 

-6 61 

-7.67 

-7 12 

-6 93 

COOLANT IN 

DEG F 

175 

174 

171 

164 

172 

173 

173 

COOLANT OUT 

DEG F 

186 

186 

183 

179. 

184 

104 

184 

OIL SUMP 

DEG F 

216 

216. 

215 

211 . 

214 

216. 

216. 

FUEL IN 

DEG f 

126 

117 

118 

115 

114. 

114. 

113 

FUEL RETURN 

DEG F 

146 

138 

139 

134 . 

133 

133. 

131 

FUEL SUPPLY 

DEG K 

94. 

101 

90. 

98 

98. 

100 . 

101 

FUEL COOLER 

DEG F 

127. 

110 

114 

112. 

110 . 

109 

107. 

INTAKE AIR (RF)DEG F 

105 

129 

115 

116 

122 

123. 

124. 

INTAKE AIR (RR >DtG F 

93. 

lib 

97 

102 . 

109. 

109 

ill 

INTAKE AIR (LF)DEG f 

95 

111 

100 

100 

103. 

106. 

109 

INTAKE AIR (LR)DEG F 

93 

110 . 

98 

99 

102. 

105 

108 

HP AIR (RF) 

DEG F 

194. 

220 

198 

201 . 

206 

208. 

210 

HP AIR (RR) 

DEG F 

193 

219 . 

197. 

200 

205 

206 

209 

HP AIR <LF) 

DEG F 

204 

221 

208 

207 

20? 

212. 

213 

HP AIR <LR) 

DEU F 

196. 

214 

201 

200 

201 . 

204. 

206 

EXH. STACK 

DEG F 

734 

757 

726 

718. 

718 

713 

713 

WATER INLET 

DEG F 

87 

109 

110 

112 

10? 

‘12 
780 . 

107 

£§W$usJ r ir 

Big f f 

90. 

779 

810 

92 

77 5 

95 

772 

96 

781 

102 

780 

EXHAUST 2R 

DEG F 

799 

830 

793 

787 

7VS 

798 

794 

EXHAUST 3R 

DEG F 

827 

849 

01P 

811 

810 

002. 

805 

EXHAUST 4R 
EXHAUST SR 


793. 

800 

815. 

826. 

784 

795 

781 

70V 

779 

789 

775 

782 

772 

781 

EXHAUST 6R 

DEG K 

76 2. 

784. 

752 

746 

745 

745. 

747 

EXHAUST 1L 

DEG F 

Ill: 

883 

046. 

836 

833 

832 

030 

EXHAUST 2L 
EXHAUST 3L 

m i 

944 

901 

893 

092 

885. 

882 

836 

G62 . 

820 

B24 

826 

020. 

820 

EXHAUST 4L 

DEG K 

869 

893 . 

859. 

851 

848 

844 

048 

E-XHAUST SL 

DEG F 

847. 

B87 

842. 

836 

841 . 

032 

831 

EXHAUST 6L 

DEG F 

872 

904 

873 

860 

870 . 

870 

864 

03L PRESSURE 

PSi 

54.4 

54.8 

55.0 

55 0 

55 0 

55.0 

55 0 

FUEL SPILL 
BOOST ERF) 

PSI 

47.0 

48 0 

48.0 

42 0 

47 0 

45 4 

4S 0 

PS) 

7.0 

6 9 

6 9 

6 8 

6 8 

6,7 

6.6 

BOOST (RR) 

PSI 

6 S 

6 8 

6.8 

6 0 

7.0 

6 0 

6 8 

BOOST (LF) 

PSI 

6.1 

5.7 

6.0 

6.5 

6 3 

6.1 

5 1 

BOOST (LR) 

Aik BOX 

PSI 

7.3 

7 1 

7 1 

7.1 

7.0 

6.9 

6 . 8 

PSI 

9.5 

8.5 

9 5 

9 5 

9.0 

9 5 

9.0 

INLET VAC. <RF>IN-H20 

7 3 

7 4 

7 4 

7 3 

7.2 

7.3 

7 2 

INLET VAC. (Rk)1N-H20 

7.5 

7 7 

7.7 

7.7 

7.6 

7 5 

7 5 

INLET VAC. <LF)IN-H20 

13.1 

13 4 

13 1 

13 2 

13 1 

13.1 

13 0 

INLET VAC. < LR >IN-H20 

12.9 

13.0 

12.9 

12.9 

12.8 

12 0 

12.? 

EXH PRESS <R)PSI 

EXH. PkF.SS <L)PSI 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 o 

0 . 0 

0 0 

0 . 0 

0.0 

0 0 

0 0 

0.0 

TURB IN (RF) 

IN-HC 

IS 6 

IS 3 

1S.S 

IS 3 

IS.2 

15.3 

15 1 

TUKB. IN (RR) 

IN-HG 

15 5 

15 0 

15.4 

15 2 

15 0 

15 0 

14 8 

TURB IN (LF) 

IN-HG 

IS 4 

14 9 

15.2 

IS 0 

14.B 

14.9 

14.7 

TURB IN. (LR) 

IN-HG 

15 6 

15 2 

15.5 

15 2 

15.0 

15.0 

ill 

FUEL PRESS 

PSI 

28 0 

29 0 

28 0 

28 0 

30 0 

28 7 

P-MULSION press 

PSI 

100 

100 

100 

100 

100 

100 

100. 

FUEL SUPPLY 

PSI 

2.5 

2.S 

1 8 

18 

1 9 

2.0 

2 2 

WATER PRESS 

P91 

0 . 

0 . 

70 

70 

67 

70 

70 

HYDROCARBONS 

PPHC 

588 

476. 

686 

71i 

758 

746. 

680 

CARBON MONOXIDE PPM 

HtlfefogWHl 

546 

;&?: 

622 

m 

397 

319 

m. 

254 

«i: 

179 

HI: 

||| 

CARBON DIOXIDE 
OXYGEN 

per 

4 9 

so 

4 9 

so 

5 0 

S.l 

5 i 

PCT 

13.5 

13.7 

13.3 

13.8 

13 4 

13.6 

12 9 

PARTICULATE 

HG/SCF 

13 

1 3 

1 4 

1 2 

1.2 

12 

11 

HC HASS 

GH-HR 

1459 

1165 

1706 

1756 

1855 

1833 

‘114: 

CO HASS 

GM-HR 

26 OS 

vSI!: 

1897 

1513 

1194 

Bill 

NOX HASS 

GM-Hk 

8439 

8707 

8800. 

8556. 

9272. 

B8HC 

GH/8HP-HR 

2 23 

1 79 

2 61 

2 6? 

2.04 

2 81 

2.58 

B8C0 

CM/BHP-HR 

GN/BHP-HR 

3 99 

4.49 

2 91 

2 32 

1 83 

1.29 

1« lo 

BSNO 

12 93 

11.31 

13 34 

13 48 

13 11 

13. S7 
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APPENDIX D 


REPORT OF NEW TECHNOLOGY 


This study documents the unique application of water-in-fuel emulsions 
to large (900hp to 1200hp) diesel engines. A laboratory system was developed 
to mix and meter the emulsions to the engine (p. 6 to 11). This system 
performed well and allowed a determination of the emulsion effects on diesel 
engine performance. 
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